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ABSTRACT

A transient three-dimensional heat conduction code was devel-

oped using finite differences. A stability restriction on the time step

was avoided using a technique proposed by Brian. Computations from

the code were validated using both the explicit technique and an

available closed-form solution for small times. The maximum error was

found to be within 0.019 percent for an 11 x 11 x 11 grid and time

step of 17.117 seconds. The total CPU time to carry out the computa-

tions up to 3,600 seconds using Brian's technique was six times that

required for the explicit technique with the same time step of 17.117

seconds. However, as the time step was increased without altering the

geometry, the CPU time using Brian's technique decreased and was

less than that used in the explicit technique for time steps larger than

110 seconds. The validated code was also used in the analysis of the

transient thermal response of a component on an orbiting spacecraft.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in

this research may not have been exercised for all cases of interest.

While every effort has been made, within the time available, to ensure

that the programs are free of computational and logic errors, they

cannot be considered validated. Any application of these programs

without additional verification is at the risk of the user.
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I. INTRODUCTION

A. STATEMENT OF PROBLEM

Three-dimensional transient heat conduction computations

involving finite difference techniques can be costly and time consum-

ing. In the explicit technique, there is a maximum time increment

that can be used before the solution becomes unstable [Ref. 1]. This

time increment results from an upper limit on the allowable values of

the Fourier number [Ref. 2]. The implicit technique, on the other

hand, requires more complicated computations than the explicit

technique due to matrix inversion operations [Ref. 21. Even the stor-

age capability of a modern computer can be taxed when dealing with

storage and manipulation of very large matrices [Ref. 3]. Both the

explicit and implicit techniques can become expensive when a large

number of nodes is required [Ref. 41.

For two-dimensional transients, an alternative technique is the

alternating direction implicit (ADI) method. Calculations at each time

step require only the handling of tridiagonal matrices [Ref. 5]. A

direct extension of the ADI technique to three-dimensional problems,

however, has been found to have only conditional stability (Ref. 51. A

different algorithm by Brian is unconditionally stable and still requires

the handling of only tridiagonal system of equations, thus avoiding the

more complex matrix manipulation of the implicit approach [Ref. 31.

. . . .. . , , I I I I I I l1



B. OBJECTIVES

The objectives of this study were:

1. To develop a FORTRAN computer program employing Brian's
technique for three-dimensional transient heat conduction.

2. To validate the FORTRAN computer program using the explicit
technique with identical geometric configuration, boundary, and
initial conditions. Comparisons with closed-form solutions avail-
able for a semi-infinite geometry were also made.

3. To employ the above technique in the application of temperature

computations involving an orbiting satellite.

This study was also intended to be a basis for future satellite heat

transfer analysis and computations involved with Project Orion, the

Naval Postgraduate School's multi-disciplinary space research

program.

All objectives were achieved.
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II. DEVELOPMENT OF MODEL

A. MODEL CONDITIONS

The model is a three-dimensional rectangular block with geomet-

ric dimensions expressed in Cartesian coordinates. A numerical tem-

perature solution only permits the determination of the temperature

distribution at discrete points or nodes [Ref. 2]. The method of finite

differences requires that a nodal equation be written for each node in

the block. The number of nodes in any coordinate direction is based

on the distance increment in the same direction.

The nodal temperature equation for each node was obtained using

a conservation of energy equation within a control volume. Incopeia

and DeWitt [Ref. 21 present the general form of the conservation of

energy equation as

t IN ouT + sT (1)

The nodal temperature equations were developed using equation 1. In

the following sections, an equation for a node on the left surface of the

rectangular block away from corners and edges is derived for both the

explicit and Brian techniques. Equations for all other nodes are

derived in an identical fashion. The explicit technique equations are

tabulated in Appendix A and the Brian technique equations are tabu-

lated in Appendix B.

3
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B. EXPLICIT TECHNIQUE

1. Derivation of Nodal Temperature Equations

Figure 1 shows the left surface of the rectangular block with

associated boundary conditions. Equation 1 is rewritten assuming that

all the energy components are into the control volume as

t IN + EGEN tE ST (2)

where the energy generation term is assumed to be zero.

Using finite difference notation, the energy storage term is

( n+I n
Ay A, LJ.k - T iJ.k

ST = pC Ax- -zT At (3)

The energy inflow term, t IN' is, in general, composed of convection,

conduction, radiation, and imposed heat flux terms. For the develop-

ment of the explicit technique, the radiation term was neglected. In

the explicit technique, all involved nodal temperatures on the left side

of equation 2 are evaluated at the prior time step. The convection

term is thus

E co =h AxAz(T-TJk) (4)

4



z

l J .k+ 1T.o, h - -dk

i- 1 .Jk

Az; .

+1.jk k~~k

x

Figure 1. Left Surface of Rectangular Block Used in the Model

The net conduction term will have contributions from all three coor-

dinate directions and is

Ay T -Jk +T - 2T njk TJ+lk- Tn
E COND 2x +AkAxz

(5)
Ay T n +T" -2Tn
+ A y lA- i t.j.k+1 t.J.k

2 Az

The flux term will be

P, FUX = q"AxAz (6)

Substituting equations 3 through 6 into equation 2 produces

5



T n. + T 2Tnn

k- X-Az -I-IJ -- l.j.k t jAj~ + kAxAz -jl .Jk
2 Ax Ay

2y  T " -+T . -2T .

+ kAx-f-- t~~- .k+1 i.k x(T- (7)AZ +k xx

(,n+1 n.Ay T [l.J.k -T t.J.kl
+ q"Axz = pC Ax-zyz k TAI J

The temperature at the next time level, n+l, is next

expressed in terms of temperatures at the previous time level, n. To

accomplish this, terms in equation 7 are rearranged.

Multiplying each term in equation 7 by Ax yieldskAyAz

' n (_ )2T T n
2-(T-I.j.k+T -2T. + Ay +,J,.k- Ij.k)

2±(n_ n2 nT j,+-2 j (8)
+ 2 . AtZ ( T IJ.k - I + t j k l - 2 i j k

h n _,AX2  I pC nI .- T
kAx-(T"- T.) +kqAy 2 - pCz (T.j -Tjk)

Equation 8 is simplified using Biot and Fourier numbers,

which are written as hAx andpCAx2 , respectively. The terms

222( )I ( Ax) an, ) and are identified as R 1 , R2 , and R,, respec-

tively. Equation 8 now becomes

6



~(T n~ +T+nj - 2T nk + RI(T nj~ -T nk

+-R 2 (T1j. k_, + T .l -2T Jk) (9)

i n A(.yT..O 1 n.r , r+ -j 2F--J'k - T

+ IR(T -tj k) + "R' =J~-T -~k)

Rearranging terms, the temperature at the current time level is

expressed as

n+1 n n
,.j.k = T,.j.k + Fo(T -,j.k + T r,..k- 2T. k) + 2FoR,(Tj+1.k - TLj.k)

T 2=, T nu+ T n 2T.n(10
2 Ij J .k+1 -2Tjk) (10)

I nBR Ay
* 2 FoBRI(T.-T, + 2 FoR,-

In a similar manner, the temperature equations for each node

are derived.

2. Restrictions on Time Step in the Explicit Technique

In the derivation of the explicit technique equations, the

Fourier number was expressed as

Fo= -kAt
pC Ax

2

The stability of the temperature solution is dependent on the time

increment [Ref. 2]. Rearranging equation 10 to isolate the node of

interest at both the current and previous time levels yields

7



T =Fo(T,,.. + T+,..) + 2FoR T + FoR,(T + T'
i.J~k

+2FoB ,RT.+2FoR,<q (12)

+(1 - 2Fo - 2FoR1 - 2FoR 2 - 2FoBiR'

The coefficient associated with the previous time level at the

node of interest must be greater than or equal to zero [Ref. 21. This

implies

1-2Fo(1 +R +R 2 +BiR ) 0 (13)

Rearranging terms, it follow that, for stability,

Fo < 1

2(1+R +R +BiR' 14)
1 2 1)

Limitations on Fo were derived for each different node. The maximum

allowable Fo was chosen as the least of all these values. Since the

Fourier number is dependent on At. Ax, and material properties, it

follows from equation 11 that the maximum time increment will be

dependent on the distance increment. As Ax decreases, the maximum

time Increment must also decrease to have equation 14 hold true

[Ref. 11.
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3. Numerical Calculations

A computer program (program EXPLICIT) was written to

evaluate the transient temperature distribution within the block using

the explicit technique. Figure 2 is a flow-chart description of the

program. A complete listing of program EXPLICIT is provided in

Appendix C.

C. BRIAN'S TECHNIQUE

The Brian technique provides unconditional stability, allowing

large time increments for transient three-dimensional computations

[Ref. 31. As mentioned earlier, the explicit and fully implicit tech-

niques may become unsuitable for computations involving a large num-

ber of nodes or long transient times. The explicit technique relies on

small time increments for stability, thus increasing the amount of

computer time required for calculations [Ref. 51. The implicit tech-

nique requires inverting large matrices that may create problems with

storage capability and computer time [Ref. 41.

Another possible technique, the alternating direction implicit

(ADI), is applicable to both two- and three-dimensional problems.

While the ADI method is unconditionally stable for two-dimensional

cases, instability occurs for large time increments in three-dimen-

sional problems [Refs. 4. 51.

The Brian technique modifies the ADI method to provide uncon-

ditional stability and minimize computer time [Ref. 31.

9
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1. Derivation of Nodal Temperature Equations

Figure 1 shows the left surface of the rectangular block with

associated boundary conditions. Equation 2 is again the starting point

for nodal temperature equation derivation and is

k I+t = k ST (2)

where the energy generation term is again assumed to be zero.

The nodal temperature equation derivation for Brian's tech-

nique uses half-time steps for each coordinate direction. This differs

from the explicit technique, in which a whole-time increment is used

and spatial coordinate direction is not considered.

In Brian's technique, the first half-time level, n + 1, treats

temperatures in the x direction as unknown with temperatures in the

y and z directions known from the previous time level, n. Solving a

tridiagonal system of simultaneous equations, the temperatures at the

n 2- level are determined.

Temperatures in the y direction are then determined using

x-direction temperatures at the n + - time level and z-direction tem-

peratures at the M time level. Similarly, temperatures in the

z-direction at the current n+1 time level are determined using n + 12

temperatures from the x and y directions.

The above procedure is demonstrated for a node on the left

surface away from comers and edges.

11



The energy storage term is

Ay ! n 2 ~- ,. n
ST=PCAx"2-'AzT k At ' J (15)

2 )

The energy inflow term, IrN, is composed of convection, conduction,

radiation, and any imposed external heat fluxes. As a first step, only

the nodal temperatures associated with heat conduction and energy
1

storage in the x-direction are evaluated at the n + L time level. The

convection term is thus

hAxAz(TT.-T7..) (16)

The net conduction term will have contributions from all three coor-

dinate directions and is

,+. n 1 n 1.
2y +T k 2T T

Ay T i-1.J.k +
I.j.k I'J'k + kAxAzt.j.k

EON =k -Az Ax Axz
(17)

+ kAx-2_A

The radiation term, assuming extensive surroundings, will be

E A,=aeAxAz(T -T J.k) (18)

For applications involving an orbiting spacecraft, additional input flux

terms need to be considered. These include the solar flux, the

infrared emission from the earth, and the reflected component of the

12



solar flux from the earth's atmosphere. the albedo. The solar flux term

will be

SOLAR = Ax zaC SA Os (19)

The reflected solar flux (albedo) term will be

t A.BEDo = AxAZFA a s (20)

The earth flux term will be

tEAM E=AzFE (21)

The imposed heat flux term will be

uxI = IAZq" (22)

Substituting equations (15) through (22) into equation 2 yields

1 1+ 1ik A T -2 J ' +  T I+ , .2 - 2 T t k T2 n ,k T~ ~

kAx + kAXAZ Ay

Ti +T + n 2T n
" Azx-.- + aeAxAzIT- TIn

2 Azt.j. ki

+ A xAzLC ,, 0s + AxAzFA aa0S + AxAzF COE + AxAzq"

(23)
n+!-

h AzT. - TJk) = PC:,A.

2

13



The temperatures at time level n + i are next expressed in

terms of temperatures at the previous time level, n. To accomplish

this, terms in equation 23 are rearranged.

Multiplying each term in equation 23 by Ax yields
kAyAz

fI (T I+ + n-

kt-IJ. k +' k-2T ij.k)+ (-j( +. k L.1k-L (AX 2 -T -

2EX (TT Tn -2T

±(x z )2( "  +T jk+i -2T1J. k) + kAy (T- I.JTk)

ozC sAx ¢2  .F^ ajx 2  FE e~kx 2  2 ,

+ SA A s+ ay a s+ Ek OE+ -yq (24)
kAy kAy kAy EkAy

+ hAX2n 2pC Ax 2.+ 2 n*

h/ 2 q, hAx 2 (T- T. )  T T T2 ~k)+ kAy kAy L 2kAt , .j.k

Equation 24 is simplified using Biot and Fourier numbers.

which are written as h Ax and kt respectively. Equation 24k 2 pCAx2  s

now becomes

Tn+- +T , -2T , + R, (T .,,.k - T n

t .k 1+1 .j. k 1~.k) I(T. k

I n n 4

-R 2 (Tlk + T~~ -2T j) +M~RAy(T- T";k

aCsA RIAy aF^ aRAy FEeRAy E25)
+ k k k (5

R1 Ayq I'T T (T ' -
+ kj y q + B , R 3* ( TT n.,~) -- T n-T .

k q +. 2FoT U.k Tj.J

14



Rearranging terms, the temperatures at the first half-time step level

in the x direction are

n+ L n n+%' 2 F " + %+ -
- FoT i-I.J.k + (I + 2Fo)T - FoT .j.k = T 1.+k

+ 2FoR(T, , -T n ) + FoR(T n + - 2T n

cLxsAuFa F e (

+2FoR 1 ac SOs+ 2Fo RAy A, e OE (26)

q,
+ 2Fo RAy + - + 2FoBi R' (T. -Tnk)

The next step is to express the temperatures in the y-direc-

tion at time level n + 2 using x-direction temperatures determined at

time level n + - from equation 26 and z-direction temperatures at

time level n. For greater clarity, the x-direction temperatures at time
n+-

level n + 2, T ", are rewritten as T*. Equation 26 now becomes

- FoTjk +(I+2Fo)T. -FoT* J.k
J.i k ik 1+1.k 1.j+I .k

+ 2FoR,(Tn+,k - T..n) + FoR 2 (T njk_ + Tjk+ - 2T nk)

fl4 - aCsA cFa (2 7)

+2FoRIAy--(T. - Tn4k) + 2 Fo RiAy----SA s + 2Fo RAy A S

+2FoRAy-- 4E +2FoRAyT + 2FoBi R2, (T. -Tjk)

The derivation for the y-direction nodal temperature equation is simi-

lar to the x-direction derivation. The y-direction equation for the same

node is

15



2 2 n(1 + 2FoR I)T,.j- 2FoR 1T .I.k TI.Jk

"Fo(Tlj*k +T*ljk - 2 T*J. ) +FoR 2 (Tn.k, +T.n ki- 2TJk)

1W/4 ¢' cCs
+ 2Fo R Ay c  T 4 - T n + 2Fo Ry

+ 2 Fo RAy a Aa OS+ 2Fo RAy -E (28)

+2FoRAyT~+ 2FoBi 7T-
k I

The y-direction temperatures at time level n + 7, T , are rewritten

as T**. Equation 28 now becomes

(1+2FoR,)T ,. -2FoR, T*- Ttj.k+ Fo(TJk +T+,k -2T*,1  )

+FoR 2(T,.k-l+T'k+l - 2T(j)+2oR y-( - T~

" F ,ACCSA 0 +M ,A La Os2ojyF.e (29)
k2FoR k O

+ 2Fo R, Ay k + 2FoBi R, (T- - T L

The expression for the z-direction temperatures at time level

n+ 1 is dependent on the x-direction and y-direction temperatures at

time level n + -, T* and T**. respectively. The z-direction nodal tem-

perature equation is
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-FR +1 +(+ FRTn+1 -FRTn+1

2Tj]k +(1 + 2 FoR 2  .)LJk -FoR 2 i.j.k

T.j.k +Fo(T+ljk +T lak - 2 rJk ) +2FoR1(T ..*o(.k - T*k )

aCSA
+2FoRAy---(T. - T,,*k )+2FoRAy -k s

aFAa Fe (30)
+2FoRAy- k s+2FoR1Ay I E

+2FoRAy .- +2FoBiR (T -T,*

In a similar manner, the temperature equations for each node

are derived. We note that during traverse along each coordinate direc-

tion in equations 26, 28, and 30, a tridiagonal matrix results for the

solution of temperature.

2. Solution of the Nodal Temperature Equations

The x-direction nodal temperature equations for the rectan-

gular block are of the form

AI.. kT _1Jk + BxLj.kT j.k +CTiJ.k i+lJk D itik (31)

where the coefficients A.Jk' .. Dj.j.k are known from the previous

time step.

Each row of T* equations parallel to the x-axls is a tridiagonal

matrix of coefficients Aj.J.k, B 1 LJ.k, and C1Ij.k. It was solved using the

standard Tridiagonal Matrix Algorithm (TDMA) [Ref. 51. After each row

of T* equations is solved, the y-direction equations will be solved [Ref.

3]. These are of the type

17



A2i kT'J*'k + B 2 1.jkT*j'k + C2,JkT'J1 k = D 2 J'k (32)

As in the x-direction case, each row of T** equations parallel to the

y-axis is solved using a tridiagonal matrix solver. The z-direction equa-

tions are of the form

A T n+1 n+ C3 Tn+ D
A .jJkT..j.k IBh.k w i.J.k i.i.kil = D.J. k (33)

The solution of the T equations is accomplished in a similar man-

ner as used for both the x- and y-directions [Ref. 3].

3. Numerical Calculations

A computer program (program (BRIAN) was written to evalu-

ate the transient temperature distribution within the block using the

Brian technique outlined in the previous sections. Figure 3 is a flow

chart description of the program. A complete listing of program

BRIAN is provided in Appendix D.

18



MaEteriParaetl

*Other Constants

Initialize'
*Time
*Printout Counter
*Nodal Temperatures

No ~ ~ ~ ~ ~ ~ Tm Paitod CoerauPinottntrarN

0 Space ARlacatidn

NMNo

+Yes

CPUTeme Callated

l e ndoe

Figure 3.F. hr o rga RA

19u Ihg



III. VALIDATION

A. SELECTED GEOMETRY AND CONDITIONS

Both the Brian's technique and explicit technique programs

required validation to ensure accuracy in the temperature solutions.

Identical geometric and boundary conditions were used for these

techniques in the validations. The left face had a constant surface heat

flux with all other surfaces treated as adiabatic. Figure 4 shows the

geometric and boundary conditions for the validation model. Table 1

lists the parameters used in the validation runs.

The Brian's technique and explicit technique programs were

written to allow the user to conduct a validation test. The test involved

taking the temperature differences at identical nodes in each program

and then comparing each node's temperature difference on a graph.

The finite difference solutions for the rectangular block were also

compared with an analytical solution for a semi-infinite solid exposed

to a uniform flux at its surface. The closed-form solution would be a

reasonable approximation to the actual solution for small times when

interior nodes are not influenced by the lateral boundary surfaces of

the rectangular block [Ref. 21.

Incropera and DeWitt [Ref. 21 tabulated the closed-form solution

for the case of constant surface heat flux in terms of complementary

error functions. These were evaluated in the present study based on

20



z

q" y

x

Figure 4. Rectangular Model Showing Boundary Conditions

Used in Validation Runs

TABLE 1

PARAMETERS USED IN VALIDATION RUNS

Left face flux 1,500 W/m 2

Other faces 0 W/m 2 (adiabatic)

Material density 2,770 kg/m 3

Thermal conductivity 177 W/m-K

Specific Heat 875 J/kg-K
Initial Temperature 275K

Ambient Temperature 295 K

Distances from face 1.0, 0.4, 0.0 m

the polynomial approximations provided by Abramowitz and Stegun

[Ref. 51.
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B. NUMERICAL COMPUTATIONS

A computer program was written to evaluate the closed-form

solution for a semi-infinite solid with a constant surface heat flux. The

fifth-order polynomial approximations to the complementary error

function have an error less than 1.5 x 10-7 [Ref. 51.

Figure 5 is a flow-chart description of the closed-form solution

program VALID. The parameters entered are identical to those used in

programs EXPLICIT and BRIAN. A complete listing of program VALID

is provided in Appendix E. Table I lists the parameters used for the

validation runs.

The validation period for programs VALID, EXPLICIT, and BRIAN

was 3,600 seconds (one hour). The distance inside the semi-infinite

solid was based on pre-selected nodes in the rectangular model. Three

distances were used in the semi-infinite solid, corresponding to three

selected nodes in the rectangular block.

In the first validation run, each coordinate direction had 11

nodes. This corresponded to an explicit technique time increment of

17.117 seconds, which was also selected as the time increment for

programs BRIAN and VALID. In the second validation run, the number

of nodes was increased to 21 in each coordinate direction. The time

increment used in this run was 4.279 seconds. A third validation run

was conducted using 11 nodes in each coordinate direction. The

explicit technique and program VALID used a time increment of

17.117 seconds. The time increment for program BRIAN was
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" Material Density
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Figure 5. Flow Chart for Program VALID
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increased to 120 seconds. The increased time increment was used to

determine whether the program BRIAN temperature differences

would differ significantly from those previously obtained with the

17.117-second time increment.

C. VALIDATION COMPUTATIONS

Graphical representations of the temperature differences experi-

enced over the validation period are presented in Figures 6 through

14.

At a distance of one meter into the block (Figures 6 and 7). the

temperature differences calculated in EXPLICIT and BRIAN diverge

significantly from VALID after a period of 616 seconds. This is to be

expected as the effects of the constant surface heat flux will provide

higher temperatures in the rectangular block than in the semi-infinite

solid. The rectangular block can thus be modeled as a semi-infinite

solid for only about 10 minutes at a distance of one meter.

At a distance of 0.4 meters into the solid and on the surface

(Figures 8 through 11), both EXPLICIT AND BRIAN temperature dif-

ferences were in close agreement with the closed-form temperature

differences for almost the entire validation period of one hour.

Increasing the number of nodes and, consequently, decreasing

the time increment had virtually no effect on temperature differences,

as can be seen in Figures 6 through 11.

Increasing the program BRIAN time increment to 120 seconds

did not degrade the accuracy of the solution. In the three cases
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involving distances of 1.0 and 0.4 meters into the surface and on the

surface, the temperature differences did not vary by more than 0.045

percent from those obtained using a 17.117-second time increment.

Figures 12 through 14 show the 120-second time increment plot of

temperature difference versus time being in close agreement to the

corresponding 17.117-second time increment plots.

Using a time increment of 17.117 seconds, the maximum error

was found to be within 0.019 percent for an 11 x 11 x 11 grid. The

maximum error was calculated using

TcoMPUTED -TEX
%ERROR = T EXACT /(34)

where TCOMPUTED is thc Brian's technique computed temperature and

TEXACT is the closed-form temperature. Sampling points were taken

at 600-second intervals.

In a similar manner, the maximum error was calculated for a time

increment of 4.279 seconds. The maximum error was found to be

0.021 percent for a 21 x 21 x 21 grid.

A time increment of 120 seconds was above the maximum allow-

able time step from stability considerations for the explicit technique.

Brian's technique thus allowed time steps above the limitation of the

explicit technique with very little compromise In solution accuracy.

Based on the validation test results, program BRIAN can be con-

sidered correct and validated for further use.
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IV. APPLICATIONS

A. GENERAL

The Brian technique was used to solve for the temperature distri-

bution in an application example. The example involves the transient

thermal response of a component on board an orbiting satellite.

B. ORBITING SATELLITE COMPONENT

1. Geometry and Initial Conditions

The transient thermal response of an orbiting spacecraft

component will be investigated. The spacecraft component is in a non-

geosynchronous circular orbit at an altitude of 1,609.364 kilometers

(1,000 miles). The equation for the orbital period is listed in Agrawal

[Ref. 71 as

P=2 d(
3[35)

where g. is the gravitational constant of the earth and d is the sum of

the satellite altitude and radius of the earth. Eisele and Nichols [Ref. 8]

list the values of g. and earth radius as 398,603.2 km 2 /s 2 and

6,378.165 kilometers, respectively.

The period of revolution in this case is 7,104.4 seconds or

118.40 minutes. For a satellite in a circular orbit at an altitude of 100

miles, Stevenson and Grafton [Ref. 9] listed the sun exposure time as

72 percent of the orbital time. During one revolution around the earth,
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the satellite will have 85.25 minutes of sun exposure and spend 33.15

minutes in the earth's shadow. For the example application, the satel-

lite is assumed to start the orbital period at the instant it becomes

exposed to the sun.

Single spin stabilization is assumed, thus allowing the

spacecraft component to spin about a principal moment of inertia axis

[Ref. 7]. The spacecraft component spins about the z-axis, as depicted

in Figure 15. With single spin stabilization, it is assumed that the

component analyzed here will have all four sides continuously exposed

to the sun with the top and bottom surfaces not receiving solar flux.

The fraction of solar flux that is incident on the satellite surface is

usually defined as the solar aspect coefficient [Ref. 7]. Thus, for this

example, the solar aspect coefficients are assumed to be 1.0 for the

side surfaces and 0.0 for the top and bottom surfaces.

Stevenson and Grafton [Ref. 91 compiled the geometric fac-

tors for both earth radiation and reflected solar radiation (albedo) on a

flat plate. The geometric factor for earth radiation depends on the sat-

ellite's altitude and the altitude angle between the normal to the rect-

angular component and the vertical to the satellite from the earth [Ref.

9]. Figure 16 depicts the geometry involved. The geometric factor for a

rectangular plate at an altitude of 1,000 miles (1,609.364 kilometers)

and altitude angle of 60 degrees is listed as 0.3174 [Ref. 91.
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Figure 15. Component on a Satellite in Circular Orbit
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Figure 16. Geometry Used in Determining Geometric Factor
for Earth Thermal Radiation

The geometric factor for reflected solar radiation is depen-

dent on the satellite's altitude, the altitude angle, the sun angle, and

the angle of axis rotation [Ref. 7]. Figure 17 depicts the geometry

involved. The geometric factor is 0.0456 for a satellite at 1,000 miles

altitude, altitude angle of 60 degrees, sun angle of 90 degrees, and

rotation angle of 0 degrees [Ref. 91.
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Figure 17. Geometry Used in Determining Geometric Factor

for Solar Reflected Radiation
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TABLE 2

PARAMETERS USED IN ORBITING SATELLITE APPLICATION

Dimensions 0.15 m x 0.10 m x 0.015 m

Material aluminum alloy 2024-T6
* density 2,770 kg/m 3

" thermal conductivity 186 W/m-K
" specific heat 1,000 J/kg-K

Exterior Coating black paint
" solar absorptivity 0.97
" emissivity 0.92

Imposed Flux
- bottom surface 50,000 W/m 2

Orbital Data
" altitude 1,609.364 km (1,000 mi)
" period of rotation 118.40 min
" exposure to sun 85.25 min
" exposure to darkness 33.15 min

Solar Aspect Coefficients
" side surfaces 1.0
" top and bottom surfaces 0.0

External Flux
" solar flux 1,353 W/m 2

" earth radiation 237 W/m 2

" albedo coefficient 0.3

Geometric Factors
" earth radiation 0.3174
" albedo flux 0.0456

Initial Data
" heat transfer coefficients 0.0 W/m 2 -K
" ambient temperature 0 K
" initial nodal temperature 500 K
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Agiawal [Ref. 71 listed the mean annual solar flux, mean

annual earth radiation, and mean annual value of albedo coefficient as

1,353 W/m 2 , 237 W/m 2 , and 0.30, respectively. These value are used

in the example.

The material coating on the component's exterior determines

the solar absorptivity and emissivity. The component is assumed to be

coated with black paint, thus providing a solar absorptivity of 0.97 and

an emissivity of 0.92 [Ref. 101.

The component is rectangular with dimensions of 0.25 m x

0.10 m x 0.015 m and is made of aluminum alloy 2024-T6. Incropeia

and DeWitt [Ref. 21 list the values for density, thermal conductivity,

and specific heat.

The component is mounted on the exterior of the satellite.

The bottom surface is attached to the satellite with all other surfaces

exposed to the space environment. The flux on the bottom surface is

assumed to be 50,000 W/m 2 .

Table 2 lists the properties and other parameters used in the

example.

2. Numerical Calculations

A time increment of 120 seconds (2 minutes) was used in

program BRIAN. The program covered a period of 120,000 seconds

(33.33 hours), during which the spacecraft component conducted

16.9 orbits. The temperatures of top surface node were plotted versus

time, as shown in Figures 18 and 19. The temperature versus time
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plots in both figures demonstrate an imperfect sinusoid. Steady peri-

odic response occurs following orbit. The peak temperatures during

the third orbit vary from the second orbit peak temperatures by 0.27

percent. The largest temperature difference in successive peak tem-

peratures is 0.27 percent and occurs between the second and third

orbits.

The oscillations in temperature distribution may be attributed

to overlaps in the sunlight and eclipse periods. The sunlight exposure

time for the orbit is 85.25 minutes. A time increment of 120 seconds

(2 minutes) would allow solar flux to be seen by the satellite compo-

nent for an additional 1.25 minutes on the first orbit. Thus, 1.25 min-

utes of the first eclipse period would be missed at the beginning of the

eclipse period. At the end of the eclipse period, the component is in

darkness an extra 1.60 minutes. These overlaps occur throughout the

running of the program with the maximum overlap being 2 minutes.
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V. RESULTS

Brian's technique was validated for four of the six rectangular

surfaces. For cases involving flux or convective boundary conditions on

the front and back surfaces of the model, temperature distributions

did not follow the pattern obtained in previous validation cases. This

anomaly requires further investigation.
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VI. CONCLUSIONS

Brian's technique was validated using the explicit technique and

the closed form solution for a semi-infinite solid. For the same time

increment, the explicit technique uses six times less CPU time. How-

ever, as the time increment was increased, the CPU time used in

Brian's technique became less than that used in the explicit technique

for time steps larger than 110 seconds. Brian's technique used time

increments that would lead to instability if used in the explicit

technique.
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VII. RECOMMENDATIONS

While developing the computer code for Brian's technique, mate-

rial properties were assumed to be independent of temperature. A

more precise code would make thermal conductivity a function of

temperature.

Another improvement for the computer code when used for

spacecraft thermal analysis computations involves the application of

orbital mechanics. This would permit the use of non-circular orbits in

the code.

This study was restricted to the use of Cartesian coordinates in

Brian's technique. Further study is required in applying Brian's tech-

nique in cylindrical and spherical coordinates.
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APPENDIX A

EXPLICIT TECHNIQUE NODE EQUATIONS

A. INTERIOR NODE EQUATION

T nI T .k + Fo (T lJk + T- 2T7Jn )

+ R Fo(T nl +T n~l -2T n~j+ R Fo(T n_, + T n, -2T n

+R 2Fo(Tj.kl +T .k+l -2T.jk)

B. SURFACE NODE EQUATIONS

1. Left Face
Tn+l nnn

STJk + Fo(T + T.- 2TJ~k)

+2FoRkI (Tj. k I-k T 1jki k

+ 2FoR,(Tn..,. -Tn)

I
+ R 2 njR, :.k , T jk

+ Foq' IT. - T,,~k

2. Right Face

Tn+l n

T. j Wk + F (T-.. T.i. k Tt,k,

+2FoR,(T n, -T nk)

+FoR 2 (TJk_ +TJk+l - 2T".k)
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LEFT RIGHT

2 4D 6

x

Figure 29. Geometry of Rectangular Model

3. Bottom Face

T nLj.k T .j.k + Fo(T- 1.J~k + T +nJ.k- 2T .j)

+ FoR,(Tj.k + Tj+,k - 2T.jk)

+ 2FoR 2 (T Jkl - TJk)

4. Top Face

Tn +1
T~~=TJ Fo (T'"~ + T - 2 ~Lj.k = T.j. k + F T-.i + ..k 2T+..1.)

+FoRl(T nk +T Jk -2T Jk)

+ 2FoR2 (T .jk - Tjk)
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5. Front Face

T n+l F(Tn -T k

i.j.k T j.k + o - T .I )

+FoR,(T. +T' -2T ,
.j-.k i.J+1.k Uj k)

+FoR (T ,  T , -2T,)

2 JUJ.k- 1.j'k +1 W~k)

6. Back Face

Tlk =T T .+ 2Fo(Tn .- ,

t~j k j. 1+1 .. k f'1 .k)

+ FoR (T,,_, + T n,- 2T'

+FR(T n- + T n 2

C. PERIMETER NODE EQUATIONS

1. Perimeter 1

T"+ k = 2Fo(T+ .j.k - T.j.k)
WA~ Tw..k +.k

+FoR,(T ,.,- +T '-2T n

i. ~ J+1. k Ujk)

+ 2FoR2 (T nk -T nk
5.J.k- - 1jk)
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2. Perimeter 2

+ FoRI(~~ + T'J, - 2T' j)

+2FoR 2 (T T n, -Jk)

3. Perimeter 3

n+l n n-f nTijk = TLjk + 2Fo(T+IJ,. -T IJk

+FoR,(T njk +T nl - 2T nk

+, 2Fl2 T~k 1. -Jk) i k

+ 2Tjk Fo2F(T7 ~ - T 

+ FR2(TJk+l -t~jk)

4. Perimeter 4

T~~ =T + 2Fo(T~

+ FoR (Tjl.k +- , 2

+ 2FoR 2 (T n -+T "k)- T
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6. Perimeter 6

n+1 nfni
T j~jk = T i~ + 2F ( +l 1, - T .1k)

+ 2FoR,(T nl k -T njk)

nn+ FoR 2 (T~J + T 2T ~1jk

7. Perimeter 7

Tn4' =T n + 2Fo( ni1. - T jk)

+2FoR,(T n +lk - T nk

+ FoR (T nkl + T nk - 2T nk

+ 2FoBiR21(T .TIJ.k ) + 2Foq-R1 k

8. Perimeter 8

T~j. k T i 2 +.j.k 1+.J.k i /k

+2FoR,(T -

2FoI(TJj+lk -T'jk)

*+FoR (T nk +T nk+ - 2T

+FoBiR I(T - - Tnj.) + 2Fo q"R1 k
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9. Perimeter 9

T njk = Tl n + Fo (TL 1n + Tn - 2Tj n
w~k Wk I-j~k +i.j.k q,

+ 2FoR,(T n~ -T ndk

+ 2FoR 2 (TrJk+l -T n2k

10. Perimeter 10

Tnl= T n + Fo(Tn + T - VLj~k ilj~k \i-.j.k 1+1.j~k l.j k)

+ 2Fo;R(Ttjlik -T w.J)

+ 2FoR (T nk -T n~k

11. Perimeter 11

Tn+l n n~ + nk11j~

+2FRI(7Jn -T n1k

+ 2FoR (TIJ+Ik -T 2 J k)

+ 2FoR (T - TJ) +nY

+ 2o~R ,(T -T IJk +2Foq"R 1 -I k
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12. Perimeter 12

n n nn

T~7 =Tj. +Fo( T1  T,+ +2T

+ 2FoR ,(T iJ+lk -T~jk)

+2FoR(TnJ~ - T nk

+ 2FoBiR 2,(T_. - T7j~k) + 2Foq"RI k

D. CORNER NODE EQUATIONS

1. Comner 1

"n+l n +2onIk -fT

=tjk + 2Fo 1+1 .j .J.k)

+2FoRl(T n~l -T n k)

+ 2 FoR2 (T kl Tllk)

+ 2 Fo q"R 1 -

2. Comner 2

" 1.=Tnj.k +~j 2Fo(T n -T Tn
=T + \ t. 1 j1,1,k tj

+2FoR,(T n +lk- nk

+o 2 (T'jk+l -TJ ljk)

* 2Fo q"R Iy
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3. Corner 3

= Tn. +2Mo(T~+~ n T n..k)
LIk Uj k ++ rI\

+ 2FoR,(Tn 4 1 .k - TnJ

+ Fo 2 (T nJk 1 -Tnjk

+ 2Fo q"R A
1k

4. Corner 4

n+1 nn
TUjk T WAk + MFo(T tUlJk - T tjik)

+ 2 FoRl (T n -Tn

+2FoR (T n - TI nk

+ 2 Fo q'R .g_

5. Comner 5

" nfl' T n + 2F(Tn 'J k)T

i.j.k i.j.k t +lk - j k

+ 2FoR, (TrJ, - TnJk)

+ 2FR2 Tjk+l -T'jk)

+ 2FoBiR 2(T-. -Tn
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6. Corner 6

"Tn~k =T J + 2 ro(jTlJ -T nk

+2 k fo~l(Tkl1 - 1 jk

+ 2FoR,(Tn kl-TnJ

+ 2FoBiR (2,.(T T n,.)

7. Corner 7

n=T n + 2F(r Tk n k)

U~~kqk Fo(T7+k -tj

+ 2FoR ,(T "11,k -Tn

+ FoR., (T nk_, - Tn,,

+ 2 FoBiR (T. n TJk)

8. Corner 8

" n- ' T n + 2Fo(T nj -Tnjk

14k- . k j~k

+ 2 FoR. (T njkl - T n~

+ 2 FoBiR 2,(T V~IA)
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APPENDIX B

BRIAN'S TECHNIQUE NODE EQUATIONS

A. X-DIRECTION EQUATIONS

1. Corner 1
(1+ 2 Fo)T*jk - 2 FoT*'jk =T jk + U (TJ+I.k - TLJ.k)

+ U 4 (T nk+I- TJk) + V(T-1 - TJk) +V - T'k)

n 
4  4.kl ik ~ k 3 JJk

T V 6 ( 6 - Tij.k) + W 1 + W 3 + W 6 +Xl(Ttnj~k -T4

3Ti.j. k  -i3) + - . J

2. Perimeter 12

-FoT*_1,,. k +(I+ 2 Fo)T*k - FoTI+IJk

i -~ i+W 1 +W

T nk+U 3 (T n l-T7) n U (T n T

+V 1 (T- -T ., k) +V (T- 3 -T j.k) +W +W 3

+Xl(T n.J.k - T-) + X3 (T 1.1.k -T ) + Y E ,.J.k
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3 (D 7

48

LEFT ; 8RIGHT

Figure 30. Geometry of Rectangular Model

3. Corner 2

-2FoT* + (1 +2Fo)T* T n +U3( .jl -TJnk

"+FU5(T -5~ - T'jk) + W 1  -3 + W + 3(T 3 - Tk)

+F 5 (T .- T 4k +wlX w 3 + 5 +n4(T-TT 4

+ 3 (T~j.k - 3 ) +x 5 (Tk - 5 ) + YI EG j~k
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4. Perimeter 8

(l+ 2 Fo)T*J -2 FoT*lj 'T n . + U (Tn.,_, + T - 2T n
tj iI.Jk ~1. 2j~ k+1 1j'k,

+U (T njl -TJ) n VI(T-1 -Tj) n V6 (T- 6 -T Jk)

1w 6wS Ixl(Tk - )x(TJk -T

5. Left Face

-FoT*l~ +(l+2 Fo)T*k -FoT* ljk

2 L A1 W. +1 j.k) + 3~T t.j+,k -T Ilk)

+ 1(T-1 -T ij.k ) +W I +Xl(Tt~jk - T:) + Y1 EG i.j.k

6. Perimeter 7

-2 FoT *,I +(1+2Fo)T*j =T nk

+ U (T njk +T nk~ -2Tj) n U 3 (T n+I -T n.~k

-T~j.k) +V,(T-5 -j Tk) 1 +

+l(Tt~jk -T _ I) + x 5 (T ik -.5 ) +EIJk
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7. Corner 3

(1+ 2 Fo)T*. k 2 FoT*+~ =T n . + U (TnJ, - T nk

+ V 4 (T i - T j) + V - T ~k

-v(4  AT~) +(T-2k)+w+w+w

+ X6 (T i>~ -T- 6 ) + y 1EG i~jk

8. Perimeter I1I

-FoT*l~ + (1+ 2 Fo)T*j -FoT* =T n

+U(T n+Ik - T n + U (T~ n -Tn.~ v(T" -T nk)

"V 4 (T. - T nk +W, +W +XI(Tn4 -Tt.1

-14kil~ WT. + 1.4j ~ jkk

9. Corner 4

-2FoT*1 .~ +(l+ 2 Fo)T*J =T nk +U (T+ .n - T nk

+ U (Tn - T njk) + VI(- -T n) +V 4 (T -T n~k

+V,(T-, -T 'Jk) + w1 + W 4 +W., +Xl(Ti'k -T-1)

+ X 4 (T t'jk -T- 4 ) +X,(Ti2j~ - T-5 ) + Y, EG tj~k
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10. Perimeter 3

(1+ 2 Fo)T*Jk - 2 FoT+.jk =Tjk + Ul(TJlk + Tnj+lk -2TJk)

+ U 4 (Tj.k+l t.j.k) +V 3  jk) + V 6 (T 6 -T.jk)

+ W 3 + W 6 + X 3(T:k n-T4 3 ) +X (Tn Jk -T 46 ) + YI GJk

11. Bottom Face

-FoTIj*k +(1+ 2 Fo)T*.k -FoT*' 1 .J. k =T iJ,k +

UTn +Tn - Tn -

i.(rJ_.k + T
n  

- 2T0,k) + U 4 (Tij k+- T.j.k)

Vz(T.-3 -T-nk) X 3 4,n -T 43) + Y, EG .j.k

12. Perimeter 4

-2 FoT 1.J.k + (1 + 2Fo)T*. =T n +

1-1 Uk L

1(Ttjl.k + T n
j+1.k - 2T jk) + U 4 (Tj.k+l- T.j.k)

" V 3(T, -T',..k) + V(T -, -T7,.k) + w 3 +w 5

+ 3 (T T.j k- -. 3 ) +X,(T j:.k - .) ,EG J.J.k
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13. Back Face

(1+ 2 Fo)T,;, - 2FQoT., T k + Un(n_, + T, - 2T n
I ~ ~ k W 1 ji.j+. w. k

(T-n2T n ik6(T -Tk)2, t.,_ A- t.j.,k,- t,.j.,) -v6(T~o-T .) + W 6

+X 6 (Tj.k - T 6) +Y EG tj.k

14. Interior

-FoT* j.k + ( + 2Fo)Tk FoT* =T
i- l Tj.k+ t.j.k

+U (T nj~ +T nl - 2T nk

I~1Jk L 1 EG l~lk w

+ U (T..n + T n - 2T. +Y,.2 WA-1 W, ijk +1 ijkGIJ

15. Front Face

n n n

-2FoT* +(I + 2Fo)T* Ti, , T'P k + T iJIk-2 ,
t-Ij .Jj k 4 k .j-k jik

+U (T, kn +T,,.I - 2T n,) +V (T. -T n

+ W5 + X5 (T I..k - T 5) + YEG , k

16. Perimeter 1

(1+ 2 Fo)T*Jk - 2 FoT*IJk =T Jk + U (TJk + n,- 2T.
I.. 11.~k l~~k I -~k Lj+I.k tjJ

Tn r TT

.k - .j.k) + V 4(T. 4 -TLj.k) + V6(T - Tjk)

w 4 w 6 x 4 (,k - 4 ) (T, x 'Tk- T 6) + Y, EGjk
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17. Top Face

-FoT * l ,+ (I +2 Fo)T4  ~FoT*+.,Ttj

+ UI(T n~ + T.n+k - 2T nk) + U4 (T ni - T nJk

+4k'-4 -Tujk) +W 4 +X(ijk -T .. 4) + Y, EG t.j.k

18. Perimeter 2

-2FoT*ljk +( 2oT*=~+~.-~ jj1k 1ku-i +~ uF ) k= lj.k k-i' + w~k-

+U4(3ljk-l -t'jk) + 4(T. -Tjk) +V 5 ( -.5 -T7Sk)

n+4(4 _4, -T(4 Y EG,,+w4 + 5 +4 ( Tj.~.j. k kT-4) +X (T I uj -k

19. Corner 5
.J2FoT* T +U(Tnj-i T

(1 +2Fo)T * u+.- =Tk + 3 (.

U4Tij~~l- T ij.k) + v 2 (T.. 2 - Ti.A) + V 3 (T- 3 -T1.k

+V(. 6 TlnJ+W4+W +W +X (T nJk -T 42

1X 3 \ i.J.k -3) +A~Ij.k - T . 6 ) +YIEG~j~k
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20. Perimeter 9

-FoT*_ jk +(1+2Fo)T* -FoT* n + UTJ, -T n.,)

+U 4(TJJ.k+ i. -T j.k) +V 2(T- 2 -Tj.k) +V(T-3 -3T .J.k)

-W+W +X (T n4 -(T 4 TT -T-+Y EG 3( n 4

W2 3 2 ij~k T 2 )+X 3(T.Jk -T-3)YE.j.k

21. Comer 6

-2FoT*_ .j.k +(l+ 2 Fo)T * =T n + U 3  k --_rn
t .Jki.J. k W. k 3 (T fJI | .J,k)

+ Tn -Tn + T2 n (T-Tn

4(Tjkl - TJk) + V 2 (T 2 - T'jJk) + V3 (T 3 - T,.j.k)

L ) + W 2 + W 3 + 5  2 Tjk-2T)

+X (Tn4 T4-)+ X)(Tnk -T T4) +YEG.

22. Perimeter 6

(1 + 2Fo)T*,jk -2FoT*J.k + U 2 (T. + T - 2T.n

2 ) - 2 T nJ.k-I + J.k+I w. k

+ U 3 (TI_,k -T n ,) +V 2(T 2 -T7Jk) +V 6(T- 6 - nlk)

n 4 4\4+W +W +X (T -T -2) + X 6(TI.k - T-,) + Y, EGi.j.k
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23. Right Face

~~OT +1+FoT*~ FoT* Tn-FoT-2 .j,k + (1 + 2kFo)T,,k - 1+1.j.k =Tjk

+U 2 (T nk- + Tjk+ -2TJk) +U 3(T _l k -T .J.k)

+V (T-2 /T n1W4 T ' -T 4 +yE "
2 Tnjk) 2 X 2  w.

24. Perimeter 5

T ~ ~ nnU( + ' T-2FoT:_ .J + (1 + 2Fo)T . = T 2 + .. J.k-I +T 4+Tj -2Tl 1kJ
I1j~ .j k .j.k

+U 3 ( T I k L'F k) + V 2 ('F 2 -'7j.k) +v( LTjk)

n 4 /n 4  
4, +\

+ W +W W+X 2(T n'jk - T42 +(Ti'k -T45) IlEG i.j. k

W2 W5  2 X ij-. 2 ) +X 5~Tj IT.. 5  Y

25. Corner 7

(Il+ 2 Fo)T *k - 2 FoT+IJ =TJk + U(TJ-I,k Tj,k)

+ U 4(T.j.k- -T,. jk) +V 2 (T- 2 -T.J.k) + V (T- 4 _T .Jk)

+V 6 T 6 -Ti.jk) "W 2 +W 4 +W 6 +X2(T.k -T2)

+ X4(Trn4 -T44 + x6(r n 4-T 46) + Yl EG l.j.k
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26. Perimeter 10

-FoT* +(1+2Fo)T* -FoT* n

1-1 kj.k 1 +] J.kw

+ U (T ,. , k -T k. +n ( , .n - T ,.n )

+V 2 (T- 2 -T n ) V 4 (T 4 -T n'k) + +
-- LJ) + V4 - 1.J~) " W r

W

+ x 2 (TI, . -T .2 ) + x,(T n 4k- 4x) + Y I,.J.k

27. Corner 8

-2 FoT _. + (l+ 2F o)T *.. = T n . + U ( n7 ,.k- T J

n n - T 
n

4 4. 1 - T +J~k) V 2 (T- 2 - W .J.k) +V4( - Tj,k)

(5 vW-,k) +w 5w w +x(T._ -T! 2 )

+X 4 (T 1j.k - T%) + X5 (T 11,k -T- I5J i~~

B. Y-DIRECTION EQUATIONS

1. Corner 1

(1 + 2FoR )Tl1 - 2FoR 1T * *k = T7 jk + U 4 (T j -T j• i~ ~ kTj.k "{ "+ U4 ,Jk+l Tn. k)

+U 5 (T*Jk -T*ij.k ) +V 1(T- 1 -T . k) +V 3 (T--TJ.k)

-V 6 (W 6 -TJjk) +W +W 3 +W 6 +Xl(T> -T- 1)

+X(n 4 -T4 + /,( n
4  4

+3 tlj k *T..1 +VI.J. -~ 6 ) 1 GYIEGj~k
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2. Perimeter 3

-FoR T ** + (I+ 2 FoRl)T FoR T
i~j-1.k .k ITIJ**lk

TWA. + u , + L 5 U5 (t(T,.n ,T,,,) + U, T . -T* )
n 

n +W +W

"v (T 3 - T,.. k + V 6 (T- 6 - TJ A) 3 6

-- X (n4, 4
" (T k -T') + X,(T'jk -T4)-YEG,

3. Corner 5

-2 FoRIT**I.k + (1 + 2FoR )T~J*k = T. 4 k +U 4(Tj.k -TJk)

-(Tk -T! )V 2 (T -T..) 1.+ )(T5 (T :l.j.k ,.,. k 2 V T-3 - .J k)j

-v6(..-Tjk) + W 2 + W3 + w 6 + X2 (T I - 2.)

+x 3 (Tn4 -T.) +X (T n4 -T 4' YE
i~~ -) 6 i.j. k -- T4G + 1E i,J,k

4. Perimeter 8

n n nn
(1 + 2FoR 1)T *jk - 2FoR T*+ T , + U (T kT1 + -2 Tilk)

i.jl ,jIk = TiJ.k+U2 T jk_+ jk+I T .j)

- T )v(T -T I k) (T -T n+U (T -,, i.j.k ) +V1 6T -6T. Tt'j. k)

" WI + W6 + X,(TI.J k -T4) +X 6 (Ti.j4- -T4. 6 ) + Y1EG I.J.k
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5. Back Face

-FoR T** + (1 + 2FoR )T* - FoR TI T n

I T.J--.k T.j.k I + ( , .. j .j.k

+ U 2 ( Tjk +T n - 2T nJ) + U 5 (Tj -T +

± V 6 (T 6 - TJk) + W + X6(T nk - T 6 ) + Y 1 EG i.j.k

6. Perimeter 6

-2FoR T** + (1 + 2FoR)T T k + U 2(T k- + Tjk+- 2TJk)

+U 5 (T -T* ) V2 (T- 2 -T*kk) +V6(T -T ) n

+ w 2 + W 6 + x 2 (Ti.jk -T .T2 ) x 6(T2X -T.4) _ YoEGIj k

7. Corner 3

(1 + 2FoR I)Tflk -2FoR T ' T + U (TI nt~ ~ i,J+,.k =T~j.k U4(T .l.k-I-Tij~k)

US(T l,jk ,.TJ.k ) ±V 1 (T, 1 -T j.k) + V 4 (T 4 -Twk)

n 4

6( 6 -Tij.,) + w + w 4 + W,, +4 X,(T .wk --. 1)

+ X4(T n 4  
4T

x 4 (t7>~ -T-4 ) +±x 6 (T i>~ -T- 6 ) +YlEG ij~k
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8. Perimeter 1

~FoRI~J I + 2FoR )T* - FoR T Tij, kI Jlk t.j+1.

4 i~~- T..Ik) + U5  +.k (Tn - (T k* - T1*. +V 4 (T-,~-T n.,k)

"V 6 (T-6 - T2ilk) + W 4 + W + X 4 (Ti~'k -T! 4 )

+6 (Tj~~ -t ) + YEG U..k

9. Cormer 7

-2FoRT *TII + (1 + 2jk I) TI.J.k + U4  - Tl n J1

+ U5(T *lJk - T *k ) + V2 (T-.2 - T2) n 4 ( 4 -Tk

+v(i+ 7 k)+v w +w 6 ij+x( -Tn
44 \ - 4k

+ X(T 4k-T'- +X6 114~ - T 4
4 J.k 4 TJJ 6 +YIEOI..k

10. Perimeter 12

(12F~Tjk I2FoR1 1 *+1 k =Tijk +U 4 (T~jk+l - Tt~jk)

+Fo(TlJlk ±T+I.lk - 2 TI 3  + +v(T- 1 - Tj) +v 3 T V TJ

+W+ X( 4 -44 4

1 3 t.Jk -1) +) X 3 (Tt~jk - T-3 ) +Y EG t~jk

69



11. Bottom Face

~FRT** + (1 + 2FQR)Tk FoR T-F RI lj-i~kj J, II = ,Ij.k

+ U T - TJnk + Fo(TI~j +T*+~ - 2 T~J

+ V3 (T 3,-T t. ) + W3+X I( T Ik - 3 ) 1YEG

12. Perimeter 9

2 FRT*Ik + (1I+ 2FoR )T *J7 k = Tn+U U4 T nk -T n

+ Fo(T~~ ±T*~ - 2 T*j ) +v 2 (T 2 - T7 ) n v(T 3 - T nk

+W2 +W +X (T n- 4 T_ -T'T 4 3) +
2 3 2 i, k -2)+X 3(T 1jk - EGl~~

13. Left Face

(1±+2FoR )T * * - 2FoR IT'~~ T n + U2(T nJkI + T' 2Tn'~

+Fo(TI~~ +T*lj - 2 T1 k ) v(T-1 -T jk

+, ±i+x,(T IJ.k -T-1) +YlEG. IJ.k

14. Interior

-FoR 2T*I + (1 + 2 FoR )T~; FoR ITIl T n
I Ij 1. kjj. kI ijl~k .j. k

"+U (T nl +T~ k1 - 2T n ) + Fo(Tlj +T*~ .- - 2 T~j

+ Y1 EG t.j.k
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15. Right Face

~2oI +jI ( + 2FR T'j + U (T~I + Tnj 2 Tk)

+Fo(T i IJk +ljk - j Tk )-v 2 ( 2 -t~jk)

+W2+ X 2 (T ijk -T 2 ) +YIEG ij.k

16. Perimeter 11

(1 + 2FoR I)T * * - 2FoR 1T T~+. Tn + U4 (Tl~ n -T n~

"+Fo(T i*lJk +T*lJk Ij TJk ) 1 (T TIk)

+v,,(T 4 - T7 Jk) + wl +W 4 +X l(Tk -

+ 4 ( t~jk- 4 ) +YIEJ

17. Top Face

-FoR lT*l + (I+ 2FoR )T'" FoR ~T1 ~ k

+ U4 (T ijkIl - T I k) + Fo(T *IJk +l~jk - J 2 *k)

+V (T 4 -Tnlk +w (T~' -T 4 ) +Yl EGI
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18. Perimeter 10

-2FoR T*]k + (1 + 2FoR 2)T T n + U4 (T i T'.k

"+Fo(T *lj +T*lj -2T*ij ) +V 2 (T - T nk

4n 4

"+X4 (T 7Jk- - 4 ) +Yl EG fj k

19. Corner 2

(I1+ 2FoR I)T~7 2FoR lT~l T~l +U 4 (T7 kj -T Tj)

+ U 5 (T 1't.jk -T*.Jk ) +V1 (T. 1 -T,,Jk) + V 3 (T -T2)

"+v5 (T 5 - TLjk) + w, + W 3 + W 6 + X 1 (T iX> - T-1)

+4'Tijj -TJ '+X.(Tj~ -T .);+YlEGI,

20. Perimeter 4

-FoR T*lk + (1 + 2 FoR I)T'7 FoR T
1 i~-l~kW. I tJ+I~ T .j. k

n n n

-v~~ 5 T,Jk) + W 3 +WS + 3(T IJk T! 3 )

+X 5 (T IJk -Tx) +I~ EG i.J~k
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21. Cormer 6

- 2 FoR T~* * + (1 + 2FoR I)T ~k =Tik + nT Tjk

T 5 (T-I.J.k Itjk + V2 (T- 2 -T7 ) + V3 (T 3 -T IJ.)

+ V5 (T 5 -T nk +W +W3 +W + X 2 (~ n4 .)

+X 3 (T ijk -T- ) +X5(T w'k- -5) +YlEG IJ k

22. Perimeter 7

(1+Foi)Tj~k - 2Fo lT~Jlk T+U 2 (T.Jk + T~j - 2TnJ

+ U 5 (Tij TI*.k ) +v 1 (T-1 -TJ) +v(T -T.~ w +W5

t I(T~k -T t.1 ))++ (T7(T -5 Tx).+k) +EW 1

23. Front Face

-FoR T* + (1 + 2FQR)T* - FoR IT* T=
I ,-~ X ij. k 1.J+1.k jk

2j.A- lk+I ijk +U5 11j Lj 2 T- *

+v 5 (T-5 -TI) n w+ 5 (~ n4 4) +yEGk
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24. Perimeter 5

-2FoR T~,I + (1 +2FoR I)Tk T2Ik+ U(Tik + T' -2T

IU5TIJA JTl k )v(T TLj.k) +V5(T-s 1~.k) + W + W5

n4 4

"X,(T kT' ) + X(TrJ - T +05 +Y, Ec;

25. Cormer 4

(I +2FoR IT* 2FoR T~JI Tn + .U 4 (T-I - T-k

I T.~k ijk ) + V (T.I - Ti.k) +V 4 (T-.4 -TI.k

±5 ( 5 -'r.k)+ 1 4+ 5x 1(Tr">-T- 1)

+ X, (T iX~ - T 4 ) + X 5,(T i:jk - T:5 ) ±Y EG IJk

26. Perimeter 2

-FoR T*I + (I + 2FoR 1)T -FoR T, T
i~j ~ I JI~k JAk

+ (T Tnl - + Us (T I-1~ - Ttjk ) +V 4 (T 4 -Ti,)

il T.k- -4),,k 4

5 5 i~~+VV4 5 + 41\ t~j,k -)

+X,(T z,4 - T 4)y ±YEG1
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27. Corner 8

-2FoR T *I + (1 + 2 FQR )Tk T' TJ+ U(T nk -T nk

+U (T,*lJk k )(T - T-j ± V4 (T 4 -T n
2 k

-v(5 -T~k) + 2  4 5 x 2 (T jk -T -2)

+X X 4 (T ij - 4 )+ ±X(T tjk -.5 ) + Yj G l.Jk

C. Z-DIRECTION EQUATIONS

1. Comner 1

(12FR 2 T2k-I o T. nlk =T**' + U (T*- T**k

+ Us(T *j - TI*I ) ±V1 (T-.-T*J,* ) (T- 3 -T* )

+V,(T..-T* )±W 1 ±W,, W,±X1 (T** -T!,)

+ X3 ( j- T'-,) ±X,(T*,*4 -T-) +Y EGI~

2. Perimeter 8

-FoR T 1+ o , FoRT~~ -T**

+ U 3 (Tfl * - Tr~ )+U(T 1~ 1  T jk)+V(T. 1 -T*J;

+V,(T-,,G-Tj** ) W,±W, X1 (T~** -T 1 l)

,,6 (T * - T- ) + Y EG,,,k
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3. Corner 3

-2 FoR 2T~ +(1 +2FoR )T,. =T** + U 3 (T*lk - T*J*

U5 (Tlk- T*J V(. 1 -~ ) +V4 (T.. J )
+V6(. 6 -Ttj~ )W+W + V I J~ * -4 1

+ 4( j~ - 4 ) + X6(~* T) + J YEIk

4. Perimeter 12

(2FoR )T n1 l -2FoR T 1.j+1 =T* + U21Li~~~ - T**k

-4 Fo (Tl +T*ll - 2 T*jk ) +V1(T-.-T*) +V 3 (T.. -T*k

+W1 +W3 +x 1(T~* *4- Tt)+ (T*J -T!,) +YIE.i~

5. Left Face

-FR2 i.j.k-1 2( + j.k i.j,k + 3 (T * (+ FR), =T** +U- T*

"+Fo(TIk +T*~ - 2 T*k ) +V1 (T- 1 -T**~ +V (T.. -Tt**

+W4 +x l(T** -T4 1)+X(T**4 -T-)+ YIEG,,
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6. Perimeter 11

FOFRT ~ +( R )T nT* * + U3 3k1.j1 - T,j
-2o 2  a.k- 1 2 t.J.k i~j.k (T** J~

"+Fo(T~.j +T* jk 2 T*,k) 4V 1 (T..1 TI** ) +V 4 (T.. -T*y*

W1 +W4 +X,(T, -T-. 1 )±(T** -T 4 )+YEGI;

7. Corner 2

(1 +2FoR )T nl- FoR T n~l = T,** + U (T**l - T* )2 .k2 t.j.k + .J.k 3 l~ . k

+U(T~'~ T*k ) +V1 (T.. 1 -T*j*k)+(T. -TJ*k

+Vs(T..-T*'p )+W 1 +W +W +x(T~ -~

+3(T~ 1i k -3 T k 5 ) + YE t.j. k

8. Perimeter 7

nln+1 n~l-FoR 2 T j- + (1 +F0R 2 )Ti~jk -FoR2 2T i~jk#I

+(T**~ - T** ) +U.(TI*k - T*Jk)

+V,(T..1 -T*7* ) +V 5(T. 5 -T*P )+] W

+ - Ti ' A 1) + X5 (T ,1 ~k T 5 ) +yI E O, k
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9. Corner 4

-2 FoR T~~ + 1+2o )T..± * ( = + - )2 iWjA-i j 3 IJlkJ 1k

+U(*- Tr ~ )+ 1 T. TJ' V(T. T*

+V (T .- T*p +W+ 4 +w x(r -T 4

+ X(T *4 Tt)+X(Th**4 -T' YE
4 tjkJ.k *5) + iE~i~k

10. Perimeter 3

n+l n+1Q1+ 2FoR 2 )TI,k - 2FoR T Tjk+

U(* + T**l - 2T*J'k ) +U 5 (T -+.~ T*j

+V3 (T.. -T*J* ) +V6 (T.. -T*J*k )+ 3 W

+x3,(T *,* - T 4) + X,(~' T) +YEG~j

11. Back Face

-FoR 2TIJk + (1 + 2FR2)T-~ FoR 2T i7'~ iJ

+ U, (T~JI + T**~ - 2 T*J )+U(Tlk * T~4j

+ V 6 (T.. -T** )w 6 +x(T* *4 -T 4) +y EGI~
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12. Perimeter 1L

-2oR2 i, -1+ (1 + 2FoR 2 )T,.~ T-*J

+ U1 (T* 1* +T**~ - 2T,*t- ~ "JIk'. k + U 5 (T 11jk - T Idrik)

+V(T.. -T*,. )+V 6 (T..6 -T*J*k)W+w

" T - T 4 ) +Xr(~- 6  YE j

13. Bottom Face

(Q+2FoR )T n' -2FoR T~4 n~ *

+Ul(TJ*lk + T*l - 2 T**J2

+ -Fo(T* * + T *TJ.k - Ljk ) V3(T. 3 -T* )

+w3 x3 tj* k t 3) + YIEG,,,,k

14. Interior

n +1 n+l 1
-FoR T +k +(1 + 2 FoR )T.Jk FoR2 T T*

+.-~ T~lIk -
2 T**2

+Fo(T* j+ T* - 2T* )~ +V V(T. - T **

1-~~ +1.j.k itjk 4 -4 i.jk

+W4 + 4 (T1* 4 -T.4 +YEGI~
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15. Top Face

-2 oR nl (Q1 2FoR )T,+lk T*- 2 FoR 2T 2.J~k-.1w+ +

+ I(t~. + T*'I*Ik -
2 i~k )+ Fo(Tlk +TI1k- T

+V~~4(T..-T~k )±W 4 ±X 4 (T*J* -T 4 +IG~

16. Perimeter 4

(1 + 2FoR,)Tjn-2 FoR T n~+ =T**

+ U (* + T*Ik - 2T'y )+* (T 1 ~ .k )
+V (T .- T*p* )+V,(T.. 5, )+W 3 +W

+x3 (T *,* -T 4) + YE k

17. Front Face

- FoR 2 T Ij 1 + (1 + 2 FoR2)T.jk -FoR27 T .T+ (I.k

I +I T j11,k I.J )
+ U 5 (~~ -T* )+V 5 (T-. 5 -T**~

+w5 +X(T* 4T.) + YIEGI.Jk
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18. Perimeter 2

2n+1 ~
-2FoR2 T.k + (1 + 2 FoR )T,.k., T1 J*

+ UI(T**I + Tj*k 2 TJ + U 5 (Tlk - T')

+ V 4 (T .- T*, )+V,(T .- T~ +W+W

w. kT~ - 4 ) +X 5 (T * * -T) +Y Er,J

1L9. Corner 5

(1+ 2 FoR )T nl-2FoR T n~+ T

+U3 2T1j.l k 2 ) (tilk ."J k )
+VU (T..2  - ) V(T. *)+V(.. TJ

+w2 I~ +w U5w6 +x 2 (T. T2 )

+x3 (T~ -T 3 )+X(T' -)+YE V6.J6-tk

20. Perimeter 6

-FRTn+l (1 +2 FMR )T n+1-FoR T n~~+
2FR2 sLj~k- +1=

+U (T**l - T ) U(T~I T'J *

-V2(T..k ) +V 6 (T 6 -T* +W+W

*4T-T+4 (Tt"* -T! 6 ) +lGj

81



21. Corner 7

-2 FoR 2T n 1 -t+(1 +2FoR )T n~ =T** + U3 (T**I - T**

2 Tw~ 'k 2) V ( .j. k t~jk 3 + 4 (T.. w. )

+U (T*. - T4 )X(T* -T 6*) + 1 E -.j *

5 + 3 (Tk J k -TJ ) + FV2(TT- 2k -4 T t~jk)

+V2 T..-~ +V(fsT*~ + 2 W

V6 (T + W2 +X 3 T W4 3 ++YlEG2IJk 2

22. Primte ac

Q +~ (1o) n+ 2 F)R 2 T ~k -FR 2 i=j* k-F R2  .j.k + tijkjijk

+ U (T*,l - Tk ) + Fo (T * +T _

w. ki-+1.kJ~k fTjk

+X (T* -T~ )+ 2 (T: -T)+YEG,

2 ~ik 2)+ 3 i.k ) y82~~



24. Perimeter 10

-2 FoR T~ n+ MR)+~ = T~ + ( E-1k
.J.k-1 (1 + F ~ 2 .Jk +~~ U3 (T T ,k

+ Fo(Tlj +T*~ - 2 T,'Jk ) +V 2 (T. - T*J,

+V 4 (T .- T**' )W+w+x(T* *4-T 4

+ 4 (t~j T)+ Y IEGik

25. Comner 6

Q + 2FoR 2 )T n.l-2FoR T n1

+3T*- Ti**)+ 5 (~ k- .j

+V 2 ( -w3 +w + 2 (T- -T2 )X 3 T.i -Tk 3

W~~~ 2T+W +W +YIE2G(TJJk -2 3

26. Perimeter 5

-~~( +FoR Tnl-+ R)T n~ -FoR T tnjlk+1 T-R 2T t.j. k1 2 q1 ~~ .j~k

+U(T * *I1 T,*J- J'k )+U 5 (T*lJk - T,*J*

+v 2 (T.. -T,** + +V 5 (T..5 - T +W-W

-2(t~~ T~X(T,.Jp -T T 5) + YIEGIJA

83



27. Corner 8

-2~ + ( FoR +Q R)T,.,k = Tl** + U(T* -'
22 FoR k- 2 +J 1k i.- LJ.k

" U 5 (T *~ - T*j )+V 2 (T .- T*,'* )+V 4 (T.. - * )

+V5(T .- -T 7* )W+ W + W + X(T,~*4 -T12 )

' T 4 ) +X,(T**4 -T- +YEG
4k i.j.k 4) .jk 5/I.j. k
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APPENDIX C

PROGRAM EXPLICIT

* PROGRAM EXPLICIT

* EXPLICIT METIIOD FOR TRANSIENT HEAT CONDUCTION IN THREE

* DIMENSIONAL CARTESIAN COORDINATES

* DESCRIPTION OF VARIABLES USED IN PROGRAM EXPLICIT

* NOTE: SI UNITS ARE USED IN THIS PROGRA,,M UNLESS

* OTI IERWISE NOTED

* 1. USER SPECIFIED VARIABLES

* A. GEOMETRIC DIMENSIONS:

,

* DELX-DISTANCE INCREMENT IN THE X DIRECTION
* DELY-DISTANCE INCREMENT IN TIE Y DIRECTION
* DELZ-DISTANCE INCREMENT IN THIE Z DIRECTION

I

* I---- XCOORDINATE OF NODE

* J-..Y COORDINATE OF NODE

* K ---- Z COORDINATE OF NODE
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LX--- LENGTH OF MODEL IN THE X DIRECTION

* LY---LENGTH OF MODEL IN THE Y DIRECTION

* LZ---LENGTH OF MODEL IN THE Z DIRECTION

* L----NUMBER OF NODES IN THE X DIRECTION

* N----NUMBER OF NODES IN THE Y DIRECTION

* P----N UMBER OF NODES IN THE Z DIRECTION

* B. MATERIAL PROPERTIES:

* CP---SPECIFIC HEAT

KI---TtIERMAL CONDUCTIVITY
RHO--DENSITY

C. INITIAL DATA:

FLUX--SURFACE FLUX

FREQ--NLMBER OF TIME STEPS BETWEEN SUCCESSIVE

* TEMPERATURE PRINTOUTS
H- H HEAT TRANSFER COEFFICIENT

TAM B--AMBIENT TEMPERATURE

TINIT-INITIAL TEMPERATURE OF ALL NODES

VAL---LOGIC NUMBER TO DETERMINE IF VALIDATION

* TEST IS TO BE RUN

* 2. NON-USER VARIABLES

* A. GENERAL:

,

* BIO ---- BIOT NUMBER

* COUNT--COUNTER FOR DETERMINING THE NUMBER OF ELAPSED
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* TIME STEPS

* DELT---TIME INCREMENT

FO --- FOURIER NLMBER

TIME---DURCATION OF CALCULATIONS
* TNEW---MATRIX OF TEMPERATURES AFTER TIME STEP DELT

* B. EXTERNAL PROGRAMS:
,

* CTIME ---- USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING

* AMOUNT OF CPU TIME USED

-NOUT- USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING

AMOUNT OF CPU T IME USED
* TIMIEO --- CPU TIME AT BEGINNING OF CALCULATIONS

TIYIE1 .--- CPU TIME AT END OF CALCULATIONS

U.MACH ---- USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING

AIOUNT OF CPU TIME USED

DIMENSION T(25.25.25). TNEW(25.25.25)

REAL TAM B. 11. RitO. ALFA, FO. FLUX, R. RI, R2, KI

REAL DELX. DELY. DELZ. DELT, TIME. TINIT. TNEW, BIO

REAL TDIFE1, TDIFE2, TDIFE3

REAL LX, LY, LZ

REAL CTIME, TIMEO, TIMEI

INTEGER I, J, K. M, N, P, COUNT, FREQ, VAL. NOUT

EXTERNAL CTIME, UMACH

COMMON TNEW, TIME. DELT, M. N, P, TDIFE1. TDIFE2, TDIFE3. TINIT
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COMMON COUNT. FREQ

*INITIALIZING CP1.. TIME

TIMEO = CTIME()

VARIOUS PARAMETERS TO BE USED THROUGHOUT T HE PROGRA\IM

WILL NOW BE READ INTO THE PROGRAM.

NVRITEc :'i 'ENTER TAMB, TilE AMBIENT TEMPERATURE.'

READ(*.* TAMIB

WRITE(r',') *ENTER TIN IT. THE INITIAL TEM\,PERA-TURE.'

R E A Dki. *) TIVNI T

NVRITE(.- ) 'EN\TER H1. TIlE HEAT TRA\NSFER COEF17FICIENT.'

READ(7. )11I

NVRITE( .*) 'ENTER KI. TlE THERMAL CONDUCTIVITY.'

REA D('W*1* K I

WRlTE(*K') 'ENTER CP. THE SPECIFIC HEAT OF THE MATERIAL.'

READ(::t) CP

WRITLr..,:) 'ENTER RhJO. THE MATERIAL DENSI'rY':

READ(*,*) RHO

WRlTE(*,*) 'ENTER FLUX.'

READ(*,*) FLUX

WRITE(V) 'ENTER LX, THE LENGTH IN THE X DIRECTION.'

READ(,* LX

NVRITE(,-) 'ENTER LY, THE LENGTH IN THE Y DIRECTION.'

READ(*,) LY

WVRITEcu'"'ENTER LZ. THE LENGTH IN THE Z DIRECTION.'

88



READ(*.*~)LZ

WRITE(:'V) 'ENTER. NI. TH4E NUMBER OF NODES IN THlE X DIRECTION.'

READ( : ,*).\I

NNRITE(- ) 'ENTER N, THE NUMBER OF NODES IN THE Y DIRECTION.'

READ(*.") N
WRITE(*,) 'ENTER P, THE NLUMBER OF NODES IN THE Z DIRECTION.'

READ(--,*) P

W\RITE(*,*) 'ENTER FREQ, THE NUMBER OF TIME STEPS BETWEEN'
WNRITE( *-,*) 'SUCCESSIVE PRINTINGS.'

READ(*,*) FREQ

WRITE(*,--) 'ENTER VAL: IF YOU WANT THE VALIDATION SUBROUTINE'

WRITEO") 'CALLED. USE 1: IF THE VALIDATION SUBROUTINE IS NOT'

WNRITE(:v ) 'DESI RED, USE 0.'

READC(")VAL

CALCULATIONS OF CONSTANTS TO0 BE USED THROUGHOUT THE
PROGRAM

COUNT = 0

TII N IE =.)

DELX=LX (.\I-1)

DELL\= LY (N-I)

DELZ= LZ.(P-1)

R =DELX (DELY*DELZ)

R I = (D ELX " 2) (D E L Y 2)

R2=(DELX**"2) (DELZ**2)

ALFA = K I (RH O"'CP)

BIO=II Kil:DELX

89



FO=O.5 (1+RI+R2+ BIO*SQRT(R2))

DELT= FO'(DELX*"2j ALFA

* NOTE: THE FOLLOWING EXPRESSION FOR DELT WAS USED FOR

* VALIDATING THE EXPLICIT TECHNIQUE WITH THE CLOSED-FORM

* SOLUTION.

* DELT=0.125*(DELY**2) ALFA

INITIALIZE ALL TE.,IPERL-TURES TO TINIT, THE INITIAL
TEMPERATURE.

DO 10 I = 1. M

DO 15J=1.N

DO 20 K= 1. P

TNEW(I.J.K)= TINIT

20 CONTINUE
15 CONTINLE

10 CONTINUE

* THE OLD TEMPERATURES WILL NOW BE SAVED FOR FUTURE USE

* IN THE TEMPERATURE EQUATIONS.

DO 30 I= 1, M

DO 35 J = 1, N
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DO 40 K= 1. P

T(I.J.K0 = TNE(I.JK)

30 CONTINUE

35 CONTINUE
30 CONTINUE

*

* INCREMENTING TIME AND COUNTER

I COUNT = COUNT + 1

TIME - TIME - DELT

A..4t...t...t A A, 4- A,

* NODE EQUATIONS FOR THE THREE DIMENSIONAL BLOCK ARE

NOW PRESENTED.

* INTERIOR NODES

DO 50 1=2, M-1

DO 55 J =2. N-I

DO 60 K= 2, P-i

TNEW(I.J,K)= T(I.J,K) + RI*FO( T(I.J-I,K) + T(I,J+ I.K) - 2*

& T(I.J.K) ) + R2': FO*( T(I,J,K+ 1) + T(I.J.K-1) - 2*T(IJ,K)
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&+ FO*:( T(I + I.J. K) + T(I -I.J. K) - 2 *T(I.J. K))

60 CONTINUE

55 CONTINUE
50 CONTINUE

* CORNER NODES

CORNER NR. I

Kj I
K

TNEW(I.J.Kj= T(I.J.K) - 2 ' R2FO*( T(I.J.K+ 1) - T(I.i,K) )+

& 2*R %O7 T(I.J + I.K) -T(I,J.K) ) + 2-' F0*( T(I + I,J.K) -

& T(J.J.K)) 2*FO*R!- DELY*FLUX K!

CORNER NR. 2

I= NI

J = I

K=l

TNEW(I.J,K) = T(I.J,K) + 2*R2*Fo*( T(I.J,K + 1) - T(I,J,K))

& 2*RI*FO*( T(I,J+ 1,K) - T(I.J,K) ) + 2*FO*-( T(I-I,J,K) -

&T(I,J,K)) + 2*FO*RI*DELY*FLUX 'K!
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*CORNER NR. 3

K=P

TNEW(I.J.K) = T(l,J,K) + 2*FO*( T(1 + 1,J,K) - T(1.J,K) )+
& 2*RI*FON- TI,J + 1,K) - T(1.J,K) ) + 2*R2*FO*( T(1,J,K-I) -

& T(I.J.K)) + 2*FO*Rl*-DELN-*FLUX'K1

CORNER NR. 4

J = I

TNFW(I.J.K) = T'kI.J.Kl + 2*FO*( T(I-l.J,K) - T(I.J.K) ) 4+

& 2?RPO :( 1(13+ I.K) - 1(11.K.)) + 2! R2.'FO--( T(I,J,K-1) -

& T(I.J.Kn + 2* FOr-TR I*DE LY-;FLUX KI

SCORNER \R. 5

J =N

TN EW(I,N, 1) = T(1,N.I1) + 2 -FO*( T(2 ,N, 1) - T(1,N, 1) +

& 2*RIFO*'( T(I,N-I.1) -T(1,\,1) ) + 2*R2*FO*( T(I,N\, 2)

& T(1,,1) ) + 2-'-OBO-R*05* IAMB - T(I,N,1) )
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*CORNER NR. 6

J=N

K=I

TNEW(l,J,K) = T(I,J.K) + 2*FO*( T(I-l,J,K) - T(IJ,K)) +

" 2*RI*FO*( T(I.J-1,K) - T(I.J.K)) + 2*R2*FO*( T(I,J,K+ 1) -

" T(I,J,K) )+ 2*FO*-BIO*(RI *-O.5)*( TAMB - T(I,J,K))

*CORNER \R. 7

J N

K=P

TNENN'I.JK) =T(l.JK) + 2*FO*( T(I + 1J K) - T(I.J.K) )+

& 2*RV*F( T(I.1-l.K) - T(I.J,K) ) + 2*R2*FO'( T(l,J,K-1)

& T(1,J,K) ) + d-F",I"(l*,'O5- TAMB - T(I,J,K) )

CORNER \R. 8

1= M

J =N

K=P

TNEW(IJ,K) = T(I,J,K) + 2*[O*( T(I-1,J,K) - T(IJ,K) )+
& 2*RI *FO*( T(I,J- 1,K) - T(1,J,K) )+ 2-R2*FO*( T(1,J,K-I) -

" T(IJ,K)) + 2*FO*BIO*(RIl*O.S)*( TAMB - T(I,J,K))
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ADIABATIC SURFACES

*FRONT YZ SURFACE

DO 70J = 2, 'N-i

DO 75 K =2, P- I

T-\N\(I.J.K) = T(I.J,K) + 2-FO*( T(I-1,J,K) - T(I,J,K) )+
& R14 F0'N T(I.J-1.K) -- T(I,J+ 1,K) - 2*T(I.J,K) ) +

& R2:4 FO:-( T(I.J,K- 1) -~T(I.J.K + 1) - 2'*T(I.J,K) )

COTIU

5CONTINUE

BACK Y'Z ADIABATIC SURFACE

00 SO J =2, N-1

DO S5 K=2. P-1

T\EWN(I.J,K) = T(I.J.K) + 2!4'FO*( T(I + I.J.K) - T(i,J,K))+

& Rl'FO*( T(I,i-l.K) + T(I.J + .K) - 2*T(I.J,K)) +

& R2*F0*( T(I,J,K-1) + T(I,J,K + 1) - 2*T(I,K))

85 CONTINUE

80 CONTINUE
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BOTTOM XY ADIABATIC SU RFACE

DO090 1=2 M-1

DO 95 J =2, N- I

K-i

TNEWV(I,J.K) = T(J.J,K) + FO-( T(I +1,J,K) + T(I..I,J,K) -

" 2*T(1.i,K) ) + Rl*FO*( T(1,J-I,K) + T(1,J + 1,K) - 2*T(I,J,K) )+
& 2-R2*FO*( T(I.J,K+ I) -T(l,J,K) )

9- ONIU

90 CONTINUE

.TOP XY ADIABATIC SURFACE

DO 10012 I

DO 105 J= 2. N-1

K=P

T-\NW(I.J,K) = T(I,J.K) + FO*( T(I +l.JK) + T(I-1,J.K) -

& 2*T(I.J.K) ) + RI r O*( T(I.J-I.K) + T(I,i + 1,K) -2*T(I,J,K))+

& 2*2F* T(1,J.K-I) - T(IJ.K))

105 CONTINUE

100 CONTINUE

* RIGHT XZ CONVECTIVE SURFACE
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DO 110 !=2., M-I

DO 115 K=2, P-I

J=N

TNEW(1,J.K) =T(1.J,K) + FON(T(I+ 1,J,C) + T(l-1,J,K) -

& 2*T(IJ,K) ) + 20 R1*FO*( T(I,J-l,K) - T(I,J,K) ) + R2-*FO*

& ( T(I,J,K-'-I) +TtI.J,K-I) - 2'T(1,J,K)) +

& 2*lFO*BIO*(R1**0.5)*( IAMB - T(I,J,K))

11 ONIU

115 CONTINUE

LEFT XZ FLUX SURFACE

DO 1201 =2. NI 

DO 125 K =2. 11-1

J = 1

T\'EWN(I.J.K) =T(I.J.K) + FO*( T(I-1.J,K) + T(I + 1,J,Ky

& 2 "T(I.J. K ) 2 *4 R I*FO -* T(I.J +1. K) -T(IJ. K)) +

& R2 t-FO t( T(1J.K- 1) + T(I.J.K +1) - 2T(I,J.K)) +

& 2*FO.:.RPIDELY'FLUX K!

12 ONIU

125 CONTINUE

120 CNTINU



*OU'TER PERIMETER SURFACES

SPERIMlETER NR. I

DO 130 J= N-I

1=1I

K=P

T\EW(I,J.K) =T(l.J,K) + RI *FO*( T(I,J- 1,K) + T(I,J 1,K)-

& 2*T(I.J,K) ) + 2*FO*( T(I + 1,J,K) - T(I,J,K) )+
& 2*R2*FO~( T(I,.L.K-1).T(I.J.K) )

130 CONTINUE

PERIMETER NR. 2

DO 135 J =2. N-I

I = M

K=P

TNENV(l.i.K) = T(I.J.K) + RI*FO*(T(I.J-I.K) + T(I,J+ 1,K)-

& 2'lT(I.J,K) ) + 2--V:O*( T(I-1.J.K) -T(I.J.K) ) +

& 2s: R2-'--FO: ( T(I.J,K-1) - T(I,J.K))

135 CONTINUE

*PERIMETER N\R. 3

DO 140 J =2, N-I

1=1

K=I
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TNEWV(I.J.K) =T(I.J.K) +s Rl'PFO*( T(I.J-I.K) + T(I.J + l.K) -

& 2R2(.JF.:) F-( T(I + J ) - T(I.J.K) +

140 CONTINUE

*PERIMETER NR. 4

DO 145 J= 2, N-1

I =MN

K = 1

T'NW(I.J.K) =T{1.J.K) + R1P:FO*( T( I.J-l.K) 4T(I.J+ 1K)

& 2:"T 1.J.Kj ) -- FO( T(I-I.J.K) - T( [.JK) )+

14 5 CO0NTIN UE

PERIMIETER NR. 5

DO 150 K =-, P. I

TNEWV(I,J.K) = T(I,J,K) + R2*FO*( T(IJ,K + 1) + T(IJ,K-I1) -

& 2*T(I.J,K)) + 2*R1*FO*( T(IJ-1,K) - T(I,J,K)) +

& 2*FO*( T(I-1,J,K) - T(I,J,K) )+ 2*FO-*BlO*(RI**O.5)-( TAMB

& T(I,J,K)

150 CONTINUE
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*PERIMETER NR. 6

DO 155 K =2, P-1

T-,EW(I,J,K) =T(1,J,K) + R2*FO*( T(IJ,K +1) + T(1,J,K-1) -
& 2*T(J,J,K) )+ 2*RI *FO*( T(1,J-I,K) - T(I,J,K) ) +

& 2--FO*-( T(I + I.J.K) - T(1.J.K)) + 2*FO*BIO*(RI *4-0.5)*( TAMB
& - T(I.J.K)

155 CONTINUE

PERIMETER NR. 7

DO 160 K =2, P-1

I = NIl

j = I

TNEWV(I.J.K) = T(I.J.K) + FO*R2*( T(I,J.K± 1) 4- T(I.J.K-1) -

& 2*:T(I.J.K) ) + 2*-tFOe-( T(I-1,..K) - T(I.J.K) )+
& 2--"FO!:!R1-'-( T(I.J+ 1,K) - T(I.J,K) )+ 2-*rO:-'RvDELY*r-LUX, Kl

160 CONTINUE

*PERIMETER NR. 8

DO 165 K= 2, P-1

J = 1

T-NENV(I,J.K) = T(I.J.IK) + FO*~R2-( T(1,J,K + 1) + T(I.JK-I)
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& 2"T(I.J.K) ) + 2*FO*:(T(I+1.J.IK) -T(I.J.K) ) +

& 27--FO"RF--( T(QJ+ I.K) - TU..J.K)) + 2*:FO*R1I*DELY*FLUX KI

165 CONTINUE

'PERIMETER NR. 9

DO 170 1= 2. Mv-1

K = 1

T-\N(I.J.K) =T(1,J.K) + 2:*FQ.. Rp T(-l.J-1,K) - T(IJ.K))+
& 2'7FO::R2:.( T(I.J.K - 1) - T(I.i.K)~) + FO"~( TO + 1,i.K) +

& T(I-1.JK) - 2P:T(I..JK) - 2F BI(R~.5'(TA.MB -

& T(I.J.K))

1 '7 CONTINUE

PERPME]lER NR. 10

DO 17-51 = 2 Nt-I

K=P

TNEW(I,J,K) =T(l,J,K) + 2*FO*RI*( T(lJ-l,K).- T(lJ,K) ) +
" 2*FO*-R2*-( T(I,J,K-1) - T(J.J.K) ) + FO*( T(I + I,J,K) +

" T(1-1,J,K) - 2--T(I,J,K) ) + 2*FO*BIO*(R1*0.5)*( TAMB -

& T(I,JK))

175 CONTINUE
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*PERIMETER NR. I1I

DO 1S0 I= 2, MI-i

S=1I

K=P

TNEW(1,J,K) =T(1.J,K) + FO-( T(I + I,J,K) + T(I-l,J,K) -

" 2*T(I.J,K) )+ 2*FO*Rl *( T(1,J + 1,K) - T(IJ,K) ) +
& 2"'FO'R2'( T(I.J,K-I) - T(I,J,K)) + 2*FO*RI*DELY*FLLTXKI

IS0 CONTINUE

*PERIMIETER NR. 12

D0 Is-;1=2. NI-i

J = I

K = I

TNEW(1.J.K) =T(I.J.K) + FO ( T(I + 1.J,K) + T(I-1.J.K) -

* 2'-T(I.J. K) + 2 *FO* R I ( T(I.J + 1, K) - T(I J, K) ) +

* 2*FO0R2N( T(1.J.K + 1) - T(I.J,K)) + 2*OR !EYFU K I

IS5 CONTINUE

*UPDATING THE OLD NODE TEMPERATURES TO THE NEW

*NODE TEMPERATURES.

DO 200 1= 1, M

DO 205 J= 1. N
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DO 210 K= 1. P

T(I.J. K )= TN EV(I.J. K)

210 CONTINUE

205 CONTINUE

200 CONTINUE

" THIS PART OF PROGRAM DETERMINES IF SUBROUTINE VALID OR

* SUBROUTINE VALID IS TO BE CALLED. IF THE USER DESIRES TO

VALIDATE THE PROGRA.MI IN CONJUNCTION WITH PROGRAM BRIAN

AND PROGRA-VM VALID. THEN THE SUBROUTINE OUTPUT WILL BE
BYPASSED.

IF(VAL .NE. 1) GO TO 250

IF(TIME .EQ. DELT) CALL VALID

IFCOUNT .NE. FREQ) GO TO 300

CALL VALID

GO TO 300)

250 IF(TIME .EQ. DELT} CALL OUTPUT

IF(COUNT .NE. FREQ) GO TO 300

CALL OUTPUT

300 IF (TIME .LE. 3600) GO TO 1

" NOTE: THE TIME PERIOD WAS ARBITRARILY TAKEN

* AS 3600 SECONDS (1 HOUR).
*I

PRINT*
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PRINT

CALCULATING AND PRINTING CPU TIME

TIMEI = CTIMEO

CALL UMACH(2.NOUT)

WRITE(NOUT.*) CPU TIME (SECONDS) , TIMEI-TIMEO

STOP

END

TIIS SUBROUTINE WILL BE USED FOR PRINTING THE NODE
TEM PER-ATURES.

SUBROUTINE OUTPUT

DIMENSION T(25,25.25). TNEW(25,25.25)

REAL TAM B. H. RHO. ALFA. FO. FLUX, R. RI. R2, KI

REAL DELX, DELY. DELZ. DELT, TIME. TINIT, TNEW, BIO

REAL TDIFEI. TDIFE2, TDIFE3

REAL LX. LY, LZ

REAL CTIME, TIMEO, TIME)

INTEGER I, J, K, M, N, P, COUNT, FREQ, VAL, NOUT

COMMON TNEW, TIME, DELT, M, N, P, TDIFEI, TDIFE2, TDIFE3, TINIT

COMMON COUNT, FREQ

WRITE("'-.*) 'TIME = '.TIME
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P RINT~

350 DO 3170 K=l1, P

WRITE(*,*) 'TEMPERATURE DISTRIBUTION ON PLANE'

WRITE(6,360) 'K- 'K

360 FORMAT(A3,12)

PRINT*

PRINT 380, ((TNEWN(I,J,K), J = 1,N), I1= 1,M)

380 FORMNAT( IXF6.1.IX.F6.1.IX,F6.1,lX,F6.1,1X,F6.l,1X,F6.l,lX,F6.1,

& IX.F6.1IlX.F6.l.IX,F6.1,1X,F6.l,'')

PRN*

PRINT*

70 CO0NTINU E

REINITIALIZING THlE COUNTER TO ZERO

COUNT = 0

RETURN

END

SUBROUTINE VALID

DIMENSION T(25,25,2.5), TNEW(25,25,25)

REAL TAM-NB, H, RIHO, ALFA, FO, FLUX, R. RI, R2, KI

REAL DELX. DELY. DELZ. DELT, TIME, TINIT, TNEW, BIO

REAL TDIFEI, TDIFE2. TDIFE3)
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REAL LX, LY. LZ

REAL CTIME. TIMEO. TIME1

INTEGER 1, J, K. M, N, P, COUNT, F REQ. VAL, NOLF

COMMON TNEW, TIME, DELT, M, N. P, TDIFEI, TDIFE2, TDIFE3, TINIT

COMMON COUNT, FREQ

TDIFEI = TNE( 5,11. 5)- TINIT

TDIFE2 = TNEW( 5, 5.5)- TINIT

TDIFE3 = TNEW( 5, 1. 5)- TINIT

IF(TIME .NE. DE. T) GO TO 4-50

PRINT*

PRINT -"

WRITE(*. "TI.ME(SEC) TDIFEI TDIFE2 TDIFE3'
W R I T E c' ,: -- --- - -- -- ------.. . . .. . .. .-- --

450 PRINT -460, TIME. TDIFEI. TDIFE2. TDIFE3

460 FORMAT(IX.FS.3.SX,FT.S,3X.FT.3.3X.F7.3)

" REINITIALIZING TIE COUNTER TO ZERO

COUNT = 0

RETURN

END

106



APPENDIX D

PROGRAM BRIAN

* PROGRAM BRIAN

* BRIAN'S METHOD FOR TRANSIENT HEAT CONDUCTION IN THREE

* DIMENSIONAL CARTESIAN COORDINATES

* * * 44 . :'* 4** * ., .* *** 4*44. * * **************** .. * * * ** **~* * ***

* DESCRIPTION OF VARIABLES USED IN PROGRAM.\ BRIAN

* NOTE: SI UNITS ARE USED IN THIS PROGRA.M UNLESS

OTIERWISE SPECIFIED

* 1. USER SPECIFIED VARIABLES

* A. GEOMETRIC DIMENSIONS:

* DELX-DISTANCE INCREMENT IN THE X DIRECTION

* DELY-DISTANCE INCREMENT IN THE X DIRECTION

* DELZ-DISTANCE INCREMENT IN THE Z DIRECTION

* I ---- X COORDINATE OF NODE

* J ---- Y COORDINATE OF NODE

* K ---- Z COORDINATE OF NODE
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iLX---LENGTH OFMODEL IN X DIRECTION

LY---LENGTH OF MODEL IN Y DIRECTION
* LZ---LENGTH OF MODEL IN Z DIRECTION

* M ---- NUMBER OF NODES IN THE X DIRECTION

* N---.NUMBER OF NODES IN THE Y DIRECTION

* P ---- NUMBER OF NODES IN THE Z DIRECTION

* B. MATERIAL PROPERTIES:

CP---SPECIFIC HEAT

KI---THERMAL CONDLCTIVITY

RHO--DENSITY

C. INITIAL DATA:

SUBSCIPTS HAVE THE FOLLOWING MEANING:

I-LEFT FACE

2-RIGHT FACE

3-BOTTOM FACE

4-TOP FACE

5-FRONT FACE

6-BACK FACE

BIOI,2.3,4,5.6 --- BlOT NUMBER
* DELT --------. -- TIME INCREMENT

* EPS 1,2,3,4,5.6 ---- EMISSIVITY

* FLUX 1,2,3,4,5,6 ---- SURFACE FLUX

* FREQ -------------- NUMBER OF TIME STEPS BETWEEN SUCCESSIVE

* TEMPERATURE PRINTOUTS

* GEN --------------- ENERGY GENERATION TERM

* H 1.2.3.4.5.6 ----- HEAT TRANSFER COEFFICIENT

SIG1.2.3,4,5.6 --- STEFAN--BOLTZMANN CONSTANT (USE 0 IF NO
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* RADIATION HEAT TRANSFER; USE 5.67E-8 IF

* \RADIATION HEAT TRANSFER PRESENT)

TAMBI.2.3.4.5,6 ---- AMBIENT TEMPERATURE

TINIT ------------- INITIAL TE.MPERATURE OF ALL NODES
* VAL --------------- LOGIC NUMBER TO DETERMINE IF VALIDATION

* TEST IS TO BE RUN

* D. ADDITIONAL VARIABLES FOR SATELLITE APPLICATIONS:

ABSI,2.3.4,5.6 --- ABSORPTIVITY

* ALBCO ------------- ALBEDO COEFFICIENT

ALT --------------- ALTITUDE OF SATELLITE IN KILOMETERS

EARTH ------------- EARTH FLUX (NOTE: THE ABSORPTIVITY FOR

EARTH FLUX HAS THE SAME VALUE AS THE

EMISSIVITY FOR RADIATION HEAT TRANSFER

SINCE BOTH ARE IN THE INFRA RED REGION)
ECLIPS ------------ PERIOD OF TIME IN MINUTES THE SATELLITE

IS IN THE SHADOW OF THE EARTH

FA ---------------- GEOMETRIC FACTOR FOR ALBEDO FLUX
FE ---------------- GEOMETRIC FACTOR FOR EARTH FLUX

SACI.2.3.4.5,6 --- SOLAR ASPECT COEFFICIENTS

SOLAR ------------- SOLAR FLUX

* 2. NON-USER VARIABLES

* A. GENERAL:

* A.B.C,D -------- COEFFICIENT VECTORS FOR SOLVING THE

TEMPERA-%TURE EQUATIONS IN SUBROUTINE TRIDAG
* BETA --------------- ECTOR OF INTERMEDIATE COEFFICIENTS SOLVED
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* SUBROUTINE TRIDAG

BIOT 1.2.3,4,5.6--BIOT NUMBER

COUNT --------- COUNTER FOR DETERMINING THE NUMBER OF

* ELAPSED TIME STEPS

FO -------------- FOURIER NUMBER
* GAMMA --------- VECTOR OF INTERMEDIATE COEFFICIENTS

* SOLVE IN SUBROUTINE TRIDAG

* IF,L ---------- NUMBERS CORRESPONDING TO THE FIRST AND LAST

* EQUATIONS TO BE SOLVED IN SUBROUTINE TRIDAG

QDOT ---------- MATRIX OF NODES DEALING WITH ENERGY
* GENERATION

T ---------------- MATRIX OF TEMPERATURES AFTER HALF-TIME STEP

IN THE Z DIRECTION

TEMP ---------- TE.MPORA-RY STORAGE VECTOR FOR TEMPERATURES

CAI CULATED IN SUBROUTINE TRIDAG

TIME ---------- DURAUTION OF CALCULATIONS

TSTARI ------ MATRIX OF TEMPERATURES AFTER HALF-TIME STEP

IN THE X DIRECTION

: TSTAR2-....-MATRIX OF TEMPERATURES AFTER HALF-TIIE STEP

IN THE Y DIRECTION

B. ADDITIONAL VARIABLES FOR SATELLITE APPLICATIONS:

ALBED1,2.3,4.5.6---ALBEDO FLUX RECEIVED ON A SURFACE

DIST -------------- SUM OF EARTH RADIUS AND SATELLITE ALTITUDE

EARTHI,2,3,4.5,6---EARTH FLUX RECEIVED ON A SURFACE
* MU --------------- GRAVITATIONAL CONSTANT

* PERIOD ---------- THE TIME FOR ONE SATELLITE ORBIT

* RE ---------------- RADIUS OF THE EARTH

* SOLAR1,2,3,4,5,6---SOLAR FLUX RECEIVED ON A SURFACE

* SUN --------------- THE TIME IN MINUTES THE SATELLITE RECEIVES

* SUNLIGHT DURING ONE ORBIT
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* C. VARIABLES FROM EXTERNAL PROGRAMS:

CTIME .---- USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
* AMOUNT OF CPU TIME USED

* NOUT ---- USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING

* AMOUNT OF CPU TIME USED

* TIMEO --- CPL TIME AT BEGINNING OF CALCULATIONS

* TIMEI .--- CPU TIME AT END OF CALCULATIONS

* UMACH ---- USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING

* AMOUNT OF CPU TIME USED
*

... *.* * * **.** * **

DIMENSION A( 30). B( 30). C( 30). D( 30), TEMP( 30)

DIMENSION BETA( 30). GAMMA( 30). QDOT(30, 30, 30)

DIIENSION T( 30, 30. 30). TSTARI( 30. 30, 30)

DIMENSION TSTAR2( 30. 30. 30)

REAL TINIT. TSTARI, TSTAR2, T, TEMP

REAL CP. KI. RHO. R. RI. R2. TIME. DELT

REAL LX. LY. LZ. DELX. DELY, DELZ

REAL A. B, C, D, BETA. GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

REAL HI, H2, H3, H4, H5, H6

REAL BIO1, B102, BIO3, B104, B105, B106

REAL SIGI, SIG2, SIG3, SIG4, SIGS, SIG6

REAL Ul, U2, U3, U4, U5

REAL VI, V2. V3, V4, V5, V6

REAL WI, W2, W3. W4. W5, W6

REAL XI, X2. X3, X4, X5. X6
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REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEN. YI

REAL CTIME. TIMEO. TIMEl

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLAR5, SOLAR6

REAL EARTH 1, EARTH-2, EARTH-3, EARTH4, EARTHS, EARTH6

REAL ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

REAL ABS 1, ABS2, ABS3, ABS4, ABSS, ABS6

REAL SACI, SAC2. SAC3, SAC4, SACS, SAC6

REAL SUN, ECLIPS, Qi, Q2, Q3, PERIOD, PI

REAL P1, P2. P3. P4, P5, P6

INTEGER 1. J. K.MI N. P. IF. L, IFPI. LAST, G, Q
INTEGER COUNT. FREQ. ANSI, ANS2. ANS3, VAL, NOUT

EXTERNAL CTIME. UNIACH

COMMON TiNIT, TSTARI, TSTAR2, T, TEMP

COM'MON CP. KI. RHO, R. RI, R2. TIME. DELT

COMMON LX. LY, LZ. DELX. DELY. DELZ

COMMNON 1. J. K, NM, N. P, I F, L. IFPi1, LAST

COMMON A. B, C. D, BETA. GAMMA, G. Q
COMIMON FLUX I, FLUX2. FLUX3, FLUX4. FLUXS, FLUX6

COMMON TAMNBI. TAMB012. TA.MB13, TAMB4, TA.-VB5, TAMB6

COMMON.\' i. H2, H3. 1-4. H15, H6

COMMON BIOl, B102. B103, B104, BIOS, B106

COMMON SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

COMMON UI, U2, U3, U4, US

COMMON VI, V2, V3, X-4, V5, V6

COMMON WI, W2, W3, W4, W5, W6

COMMON XI, X2, X3, X4, X5, X6

COMMON COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON EPSI, [PS2. [PS3. [PS4, [PS5, EPS6

COMMON QDOT, GEN. YI
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COMMON TIMEO, TIMEI

COMMON SOLAR. EARTH. RE. DIST, ALT. FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6

COMMON EARTHI, EARTH2, EARTH3, EARTH4. EARTH5, EARTH6

COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

COMMON ABSI, ABS2, ABS3, ABS4, ABS5, ABS6

COMMON SACI. SAC2, SAC3, SAC4, SAC5, SAC6

COMMON SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI

COMMON PI, P2. P3, P4, PS, P6

INITIALIZING CPU TIME

TIMEO = CTIME()

* VARIOUS PARAMETERS TO BE USED THROUGHOUT THE PROGRAM

N'WILL NOW BE READ INTO THE PROGRAM.

WRITE(*,*) 'ENTER TINIT, THE INITIAL TEMPERATURE.'

READ(*.* ) TINIT

WRITE("',*) 'ENTER KI, THE THERMAL CONDUCTIVITY.'

READ(*,*) KI

WRITE(*,*) 'ENTER CP, THE SPECIFIC HEAT OF THE MATERIAL.'

READ(*,*) CP

WRITE(*,*) 'ENTER RHO, THE MATERIAL DENSITY.'

READ(*,*) RHO

WRITE(*,*) 'ENTER GEN, THE INITIAL GENERATION TERM.'

READ(*.*) GEN

WRITE(*,*) 'ENTER LX. THE LENGTH IN THE X DIRECTION.'
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READ(*,*) LX

WRITE(*.*) 'ENTER LY, THE LENGTH IN THE Y DIRECTION.'

READ(". * ) LY

WRITE(*,') 'ENTER LZ, THE LENGTH IN THE Z DIRECTION.'

READ(*,*) LZ

WRITE(*,*) 'ENTER M, THE NUMBER OF NODES IN THE X DIRECTION.'

READ(*,*) M

WRITE(*,*) 'ENTER N, THE NUMBER OF NODES IN THE Y DIRECTION.'

READ(*,--) N

WRITE(*,*) 'ENTER P, THE NUMBER OF NODES IN THE Z DIRECTION.'

READ(*.*) P

WRIIE(:Q ,! 'ENTER DELT. THE TIME INCREMENT IN SECONDS.'

READr ":.'' ) DELT

WRITE(*.*) 'ENTER FREQ. THE NUMBER OF TIME STEPS BETWEEN'

WRITE( :.* 'SUCCESSIVE PRINTOUTS.'

READC::.*) FREQ

WRITE(*,*) 'ENTER ALT. TIlE SATELLITE ALTITIUDE IN KILOMETERS.'

WRITEC ::.) 'NOTE: FOR AN EARTH-BASED MODEL, ENTER 0 FOR ALT.'

READ(*,*) ALT

\\'RITE(*,"') 'ENTER ECLIPS. THE TIME IN MINUTES THE SATELLITE XWILL'

WRITE(*) 'BE IN THE SHADOW OF THE EARTH DURING AN ORBIT.'

WRITE(.*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ECLIPS.'

READ( .:') ECLIPS

WRITE(".*) 'ENTER FE. THE GEOMETRIC FACTOR FOR EARTH FLUX.'

VRITE(*,*) 'NOTE: FOR GEOSYNCHRONOUS SATELLITES AND'

WVRITE(*,*) 'EARTH-BASED MODELS, ENTER 0 FOR FE.'

READ(*,*) FE

WRITE(*,*) 'ENTER FA, THE GEOMETRIC FACTOR FOR ALBEDO FLUX.'

WRITE(*,*) 'NOTE: FOR GEOSYNCHRONOUS SATELLITES AND'

WRITE(*,*) 'EARTH-BASED MODELS, ENTER 0 FOR FA.'

READ(,*) FA

WRITE(t,*) 'ENTER SOLAR, THE SOLAR FLUX.'

WRITE(*,') 'NOTE: AVERAGE ANNUAL VALUE IS 1353.'

WRITE(",',) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SOLAR.'
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READ(*.*) SOLAR

WRITE(".*) 'ENTER EARTH, THE THERMAL RADIATIVE FLUX Or EARTH.'
WRITE(*-) 'NOTE: AVERAGE ANNLUAL VALUE IS 237.'
WVRiTE(*WJ 'NOTE: FOR GEOSYNCHRONOUS SATELLITES AND'

WRI TE(*,) 'EARTH -BASED MODELS, ENTER 0 FOR EARTH.'

READ(-,') EARTH

WVRITE(*,*) 'ENTER ALBCO, THE ALBEDO COEFFICIENT.'

WRITE(*,*) 'NOTE: AVERAGE ANNUAL VALUE IS 0.3.'
WRI TE(*.*) 'NOTE: FOR GEOSYNCHRONOUS SATELLITES AND'

W RITE('~,*) 'EARTH-BASED.\MODELS, ENTER 0 FOR ALBCO.'

READ(*.*) ALBCO

NNRITE(**) 'ENTER VAL: THIS W\ILL DETERMINE IF YOU WANT THE'

N'RITE("' .:' 'THE VALIDATION SUBROUTINE CALLED. IF Y'OU WANT'

WRITEr 2,-) 'THE VALIDATION SU'BROLUTINE CALLED, ENTER I FOR'

WRITE(*':7) 'YES. IF YOUR ANSWER IS NO. ENTER 0.'

READ(:'l) VAL

INPUTS FOR LEFT FACE

WRITE(*,*:) 'ENTER TAMBI. THE AMBIENT TEMP. ON THE LEFT FACE.'

READ*.* TAMBI13

NNRITE(*,--1 'ENTFER HI. THlE LEFT FACE HEAT TRANSFER COEFFICIENT.'

R E AD( ) I I

W\RITE(".K') 'ENTER FLUX I, THE FLUX ON THE LEFT FACE.'

READ(*.V) FLL'XI

W RITE(- ,*) 'ENTER SIGI, THE LEFT FACE STEFAN.BOLTZMANN'

WRITE(*,*) 'CON STANT. NOTE: IF RADIATION NOT INVOLVED,

WRI TE(-*,*) 'EN TER 0 FOR SIGLI'

READ(*,4) SIGlI

'WRITE(*, ) 'ENTER EPSl, THE LEFT FACE EMISSIVITY.'

READ(*~,*) EPSI

WRITEQ*,*) 'ENTER ABS 1, THE LEFT FACE ABSORPTIVITY.'

WRITE(*,*) 'NOTE: FOR EARHT-BASED MODELS. ENTER 0 FOR ABSl.'

READC'. ) ABSI
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NVRITE(-,)'ENTER SACI. THE LEFT FACE SOLAR ASPECT COEFFICIENT.-
WVRITE(- ',*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SAC!.'
RE..\D(':') SAC I

*INPUTS FOR RIGHT FACE

WVRITE(*,*) 'ENTER TAMB2, THE AMBIENT TEMP. ON THE'

WRITE(*,*) 'RIGHT FACE.'

READ(*,-) TAMB2

WVRITE(-*.*) 'ENTER H2. THE RIGHT FACE HEAT TRANSFER'

W\RITE(-,*) 'COEFFICIENT.'

READ(*.*) 1-2

WVRITE(!'-,,*'ENTER FLL'X2, THE FLL'X ON THE RIGHT FACE.'
READ(:',*) FLUX"2

WVRITE( .* 'ENTER SIG2. THE RIGHT FACE STE FAN-BOLTZ MAN'N'

WVRITE".) 'CONSTANT.'

WRITE( .*) 'NOTE: IF RADIATiON NOT INVOLVED, ENTER 0 FOR SIGI.'
READ(".") SIG2

\VRITE("'.'- 'ENTER UPS2, THE RIGHT FACE EMISSIVITY.'

WVRITE("."!) ENTER ABS2. THE RIGHT FACE ABSORPTIVITY.'

W'RITE(".'*) 'NOTE: FOR EARTHI-BASED MODELS, ENTER 0 FOR ABS2.'

READ(;'-.:!-)ABS2

WVRITEiV'.':,) 'ENTER SAC2, THE RIGHT FACE SOLAR ASPECT'
WVRITE(- "') 'COLFFICIENT NOTE: FOR EARTH-BASED MVODELS.'

WVRITE(<*,:-) 'ENTER 0 FOR SAC2.'

READ(*,*) SAC2

*INPUTS FOR BOr"TOM FACE

WRITE(*,*) 'ENTER TAMB3, THE AMBIENT TEMP. ON THE'

'"'RITE(*,*) 'BOTTOM FACE.'

READ(*,*) TAMB3

WVRI TE("'.") 'ENTER H3, THE BOTTOM FACE HEAT TRANSFER'
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WRI TE('K'*) 'COEFFI CIENT.'

READ(*,') H-)

NVRITE(*',*) 'ENTER FLUX3, THE FLUX ON THE BOTTOM FACE,'

READ(*,) FLUX3

WVRlTE(*,*)'ENTER S1G3, THE BOTTOM FACE STEFAN-BOLTZMANN'

WRITE(*,*) 'CONSTANT.'

WNRITE(*,*) 'NOTE: IF RADIATION NOT INVOLVED, ENTER 0 FOR SIG3.

READ(*,*) SIG3

WRITE(*,*) 'ENTER EPS3, THE BOTTOM FACE EMISSIVITY.'

READ(*,*) EPS-3

WRITE(*:,*) 'ENTER ABS3. THE BOTTOM FACE ABSORPTIVITY.'

N\RITEUY**) 'NOTE: FOR EARTH -BASED 'MODE LS. ENTER 0 FOR ABS3.

RLAD(":."') ABS3

W\RITE( -*,)'ENTER SAC3. THE BOTTOM FACE SOLAR ASPECT'
NVRITE(*.') 'COEFFICIENT. NOTE: FOR EARTH-BASED MODELS.'

NVRITE(*.*')~'ENTER 0 FOR SAC3.'

READ(*.- %) SACS

INPUTS FOR THE TOP FACE

WRITE(*,*) 'ENTER TAMB34. THE AMBIENT TEMP. ON THE TOP FACE.'

READ( ."') TA.MB-4

WNRlTE(r .*) 'ENTER 1-4. THE TOP FACE HEAT TRANSFER COEFFICIENT.'

READ('2.) H4

WXRITE(*.) 'ENTER FLUX4. THE FLUX ON THE TOP FACE.'

READ(*,*) FLUX4

WRITE(*4) 'EN\TER S104, THE TOP FACE STEFA N-BOLTZMANN'

WRITE(*,*) 'CON STAN T. NOTE: IF RADIATION NOT INVOLVED,'

WRITE(*,*) 'ENTER 0 FOR S1G4.'

READ(*.*) S1G4

WRITE('!,*) 'ENTER EPS4, THE TOP FACE EMISSIVITY.'

READ(*,*) EPS4

WRITE(*,*) 'ENTER ABS4, THE TOP FACE ABSORPTIVITY.'

WNRITE(*') 'NOTE: FOR EARTH-BASED MODELS. ENTER 0 FOR ABS4.'
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READ(*,*) ABS4

WRlTE(*-,) 'ENTER SAC4. THE TOP FACE SOLAR ASPECT COEFFICIENT.'

WRITE(*..*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SAC4.'

READ(*,*) SAC4

*INPUTS FOR THE FRONT FACE

WVRITE(*,*) 'ENTER TAMB5, THE AMBIENT TEMP. ON THE FRONT FACE.'

READ(*,-) TA-MB5

WVRITE(*,--) 'EN TER HS, THE FRONT FACE HEAT TRANSFER'

WRITE(,) 'COEFFICIENT.'

READ(." H

W\RITE(.":) 'ENTER FLUX5, THE FLUX ON THE FRONT FACE.'

READ *.*~) FLUX5

WVR1TE(*-,) 'ENTER SIG5. THE FRONT FACE STEFAN-BOLTZMlANN-'

\\.RITE(*,.-) 'CONSTANT.'

NVRITE(*.*) 'NOFE: IF RADIATION NOT INVOLVED, ENTER 0 FOR 51G5.'

READ(:~: SIG5

WRITE(.-'- ) 'ENTER EPS5, THE FRONT FACE EMISSIVITY.'

READ(.:,"'l) EPS5

WVRITE(**) 'EN\TER ABS5. THE FRONT FACE ABSORPTINTITY.'

WRITE 'i'-%) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ABS-S.'

READ(".") ABS5

WVRITE(':'") 'EN\TER SAC5, THE FRONT FACE SOLAR ASPECT'

NVRlTE(*,"')'COEFFICIENT. NOTE: FOR EARTH-BASED MIODELS,'

W\RITE(*,") 'ENTER 0 FOR SAC5.'

READ(*,-'-) SAC5

*INPUTS FOR THE BACK FACE

WRITE(*,*) 'ENTER TAM B6, THE AMBIENT TEMP. ON THE BACK FACE.'

READ(*,*) TAMB6

WRITE(*,*) 'ENTER H6, THE BACK FACE HEAT TRANSFER COEFFICIENT.'
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WRITE(".*) 'ENTER FLUX6. THE FLUX ON THE BACK FACE.'

READ('::.*) FLUX6

WRITE(",-) 'ENTER SIG6. THE BACK FACE STEFAN-BOLTZMANN'

WRITE(".") 'CONSTANT.'

WRITE(*,*) 'NOTE: IF RADIATION NOT INVOLVED, ENTER 0 FOR SIG6.'

READ(',*) SIG6

WRITE(*,*) 'ENTER EPS6, THE BACK FACE EMISSIVITY.'

READ(*.*) EPS6

WRITE(*,*) 'ENTER ABS6, THE BACK FACE ABSORPTIVITY.'

WRITE(*,*) "NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ABS6.'

READ(*,*) ABS6

WRITE(: .") 'ENTER SAC6, THE BACK FACE SOLAR ASPECT COEFFICIENT.'

\VRITE(*.-I 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SAC6.'

READ:: .*) SAC6

CALCULATIONS OF CONSTANTS TO BE USED THROUGHOUT
THE PROGRA,*,M

DELX = LX (NI-I)

DELY = LY(N-Il

DELZ = LZ(P-1)

R = DELX (DELY*DELZ)

RI = (DELX**2) (DELY**2)

R2 = (DELX**2) (DELZ**2)

ALFA = KI(RHO*CP)

FO = ALFA*(DELT,2)'(DELX**2)

BIOI = HI KI*DELX

BIO2 = H2 KI*DELX
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BIO3, = [M Ki*DELX

B10-4 = [14 KP*DELX

BIOS; H5 KFVDELX

B106 = 116 K1'-DELX

Ul = Rl*FO

U2 = R." F 0

U 3= 2-*R I* FO

U4 =-I 2 * FO0

US5 = 2*FO

NA = 2*FO*BIOI*SQRT( RJ)

V2 = 2- FO*3IOY--SQRT(RI1)

VS" = 2* FO' B 10' S Q RT(R 2)

V-4 = 2 :FO *B1O4"S QRT(R2)

V6 2 2* FO' Bl106

EARTH I = EPS 1'FETARTH

EART112 = EPS2' FE'EARTII

EARTHS = EPSS'*FE EARTH

EART114 = EPS4-"FE*EARTII

EARTHS = EPS5'FELARIIl

LARTII6 = EPSO6"FE::E.-RTII

QI = 2'FO'-R1I*DELY KI

Q2 = 2- FO*RT"DELZ,K1

Q3 = 2*FO*DELX:KI

P1 = Q1*(FLUXI + EARTHI)

P2 = QV*(FLUX2 + EARTH2)

P3 = Q2-"(FLUXS) + EARTH3)
P4 = Q2*(FLUX4 + EARTH4)
P5 = Q3-*(FLLUXS + EARTHS5)



P6 =Q3*:(FLLX6 i - EARTH6)

X1 -2*FO*SIGIVEPS1*RV*DELN. KI

X2 = *FO*SIG2*EPS2-*RVDELY KI

X3 = 2-FOSG3*EPS3*R2*DELZKi

X4 = *TO*SlG4-EPS4*R2*DELZ :KI

X5 -2*FO*S1G5*EPS-';DELX Ki

X6 = -2*FO*SJG6*fPS6*-DELX K1

Yl = FO*(DELX*-.2) K I

ALBEDI = ABSI *A-SLR*LC

ALBED2 = ABlS2 'li:ASOLAR:ALBCO

ALBED3 = ABS3*FA-'SOLAR%XLBCO

ALBED4 = ABS4*FA.-+MSOL.,R-"ALBCO

ALBED5 = ABS5*FA'*SOLAR- ALBCO

ALBED6 = ABS6:-FA'*SOLAR*ALBCO

SOLARI = SOLAR*SACI*ABSI

SOLAR2 = SOLAR*"SAC2- -ABS2

SOLAR3 = SOLAR"SACY ABS3

SOLAR4 = SOLAR*SAC4 ABS4

SOLAR5 = SOL.-R*SAC5*ABS5

SOLAR6 = SOLAR'SAC6*ABS6

NVI = P1I + Ql*(SOLARI + ALBEDI)

W2 = P2 + Q1*(SOLAR2 + ALBED2)

W3 = P3 + Q2*(SOLAR3 + ALBED3)

W4 = P4 + Q2*(SOLAR4 + ALBED4)

W5 = P5 + Q3 *(SOLAR5 + ALBED5)

NV6 = P6 + Q3*(SOLAR6 + ALBED6)

'~FOR EARTH-BASED MODELS, CALCULATIONS FOR PERIOD AND SUN
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*ARE NOT REQUIRED.

IF(ALT .LE. 0) GO TO 5

PI = ATAN(1.0)*,4.0

MU =398603.2

RE =6378.165

DIST = RE + ALT

ECLIPS =ECLIPS*60

PERIOD =2*PU*SQRT(DIST**3;.MU)

SUN =PERIOD - ECLIPS

INITIALIZING THE TIME AND COUNTER

5TIME = 0.0

COUNT =0

OPENING FI1LES FOR PRINT STATEMENTS

OPEN(UNIT= 1, FILE='DATAF')

OPEN(UNIT= 2), FILE= 'DATA2')

OPEN(UNIT= 3, FILE= 'DATA3')

OPEN\(UNIT=4, FILE= 'DATA4')

OPEN(UNIT= 5, FILE= 'DATAS')
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* INITIALIZE ALL TEMPER-tTURES TO TINIT, THE INITIAL

* TEMPERATU RE.

DO 10 I= I,.

DO 20J= 1. N

DO 30 K= 1, P

T(I.J.K) = TINIT

30 CONTINUE

20 CONTINUE

10 CONTINUE

INITIALIZE ALL GENERATION TERMS TO GEN, THE INITIAL

GENERATION.

DO 40 I= I.M

DO 50 J = I.N

DO 60 K= ,P

QDOT(I,J.K) = GTN

60 CONTINUE

50 CONTINUE

40 CONTINUE

* INCREMENTING THE TIME AND COUNTER
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70 TIME = TIME + DELT

COUNT = COUNT + 1

* THIS PART OF THE PROGRAM CALCULATES THE SOLAR FLUXES AND

* ALBEDO FLUXES WHICH WILL CHANGE WITH TIME AS THE SATELLITE

* REVOLVES AROUND THE EARTH. DURING ECLIPSE PERIODS,

* THE SOLAR FLUX WILL BE ZERO. FOR EARTH-BASED MODELS,

* THIS PART OF THE PROGRAM AND THE SUBROUTINES PERI AND

* PER2 WILL BE BYPASSED USING AN IFTHEN STATEMENT. IF

THE USER INPUTS 0 FOR ALT (I.E., EARTH-BASED MODEL)

THEN THIS PART OF THE PROGRAM AND THE TWO SUBROUTINES

WILL BE BYPASSED.

IF(ALT .LE. 0) GO TO 75

IF(TIME .LT. (12(SUN+ ECLIPS))) THEN

CALL PERI

ELSE

CALL PER2

ENDIF

ALBEDI = ABSITFA4'SOLAR:ALBCO

ALBED2 = ABS2*FA4-SOLAR*ALBCO

ALBED3 = ABS3*FA*SOLAR*ALBCO

ALBED4 = ABS4*FA*SOLAR*ALBCO

ALBED5 = ABS5*FA*SOLAR*ALBCO

ALBED6 = ABS6 FA-:tSOLAR*ALBCO

SOLARI = SOLAR*SACI*ABSI

SOLAR2 = SOLAR'- SAC2"ABS2
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SOAR3 = SOLAR*SAC3*ABS3

SOLAR4 = SOLAR:'SAC4*ABS4

SOLARS = SOLAR*SAC52ABS5

SOLAR6 = SOLAR:SAC6-:*ABS6

WVI = P1 + QI*(SOLARI + ALBEDI)

W2 = P2 + QI*(SOLAR2 + ALBED2)

W3 = P3 + Q2*(SOLAR3 + ALBED3)

W4 = P4 + Q2*(SOLAR4 + ALBED4)

W5 = P5 + Q3*(SOLAR5 + ALBED5)

NN*6 = P6 + Q3*(SOLAR6 + ALBED6)

SETTING COEFFICIENT ARRA-kYS A, B, AND C IN THE X DIRECTION

73 DO SOI=1,M

Bfl) = (1 -4- US)

IF!I .EQ. 1) THEN

AO) = 0.0

C(l) = -U5

ELSE IF((] .GT. 1) .AND. (I .LT. M)) THEN

A(I) = -FO

C() = -FO

ELSE

A(I) = -U'5

C(I) = 0.0
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ENDIF

8O CONTINUE

* SETTING COEFFICIENT ARRAY D IN THE X DIRECTION

DO 90 K= 1, P

DO IOOJ=, N

DO 110I=1, M

IF (K.EQ.1) THEN

CALL XRAY),1

ELSE IF ((K.GT.I) .AND. (K.LT.P)) THEN

CALL XRAY2

ELSE

CALL XRAY3

ENDIF

110 CONTINUE

IF=I

L= M

CALL TRIDAG

DO 120 I =IF,L

TSTARI(I,J,K) TEMP(I)

120 CONTINUE

100 CONTINUE

90 CONTINUE
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SETTING COEFFICIENT ARRAYS A. B, AND C IN THE Y DIRECTION

DO 130J =I,N

B(J) = (1 + U3)

IF(J .EQ. 1) THEN

A(J) = 0.0

C(J) = -U3

ELSE IF(J .GT. 1) .AND. (J .LT. N)) THEN

A(J) = -LI

C(J = -L

ELSE

A(J) = -*U3

C(J) = 0.0

ENDIF

130 CONTINUE

SETTING COEFFICIENT ARRAY D IN THE Y DIRECTION

DO 140 K = I,P

DO 150 1 = I,M

DO 160 J= I,N

IF(K.EQ.I) THEN

CALL YANKI

ELSE IF( ( K.GT.1) AND. (K.LT.P)) THEN
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CALL YANK2

ELSE

CALL YANK3

ENDIF

160 CONTINUE

IF= I

L=N

CALL TRIDAG

DO 170 J= IF, L

TSTAR2(I.J.K) = TEMP(J)

170 CONTINUE

150 CONTINUE

140 CONTINUE

SETTING COEFFICIENT ARR-%YS A, B, AND C IN THE Z DIRECTION

DO 180 K= 1, P

B(K) = (1 + U4)

IF(K .EQ. 1) THEN

A(K) = 0.0

C(K) = -U4

ELSE IF((K .GT. 1) .AND. (K .LT. P)) THEN
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A(K) = -U2

C(K) = -L2

ELSE

A(K) = -U4

C(K) = 0.0

ENDIF

180 CONTINUE

SETTING COEFFICIENT ARRAY D IN THE Z DIRECTION

DO 190 J= 1, N

DO 200 1 = 1.M

DO 210 K = L.P

IF(J.EQ.1) THEN

CALL ZULU1

ELSE IF((J.GT.I, .AND. (J.LT.N)) THEN

CALL ZULU2

ELSE

CALL ZULU3

ENDIF

210 CONTINUE

IF= I

L=P

CALL TRIDAG
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DO 220 K= IF, L

T(IJ,K) = TEMP(K)

220 CONTINUE

200 CONTINUE

190 CONTINUE

*

* THIS PART OF PROGRAM IS USED TO DETERMINE IF THE
SUBROUTINE VALID WILL BE CALLED. THIS SUBROUTINE
IS USED TO VALIDATE THE PROGRAM BRIAN AND COMPARE

TEMPEIA, TURE DIFFERENCES AT SELECTED NODES WITI THE

DIFFERENCES FOUND BY THE PROGRAMS EXPLICIT AND VALID.

* IF SUBROUTINE VALID IS USED THE SUBROUTINE OUTPUT WILL BE
* BYPASSED. IT SIOULD BE NOTED THAT THE SUBROUTINE VALID

WILL NOT NORIALLY BE USED.

IF(VAL .NE. 1) GO TO 250

IF(TIME .EQ. DELT) CALL VALID

IF(COUNT .NE. FREQ) GO TO 240

CALL VALID

240 IF(TIME.LE. 3600) GO TO 70

GO TO 310

* THIS PART OF PROGRAM WILL DETERMINE IF THE TIME ANDOR

* COUNT CRITERIA FOR CALLING THE SUBROUTINE OUTPUT IS MET.

* THIS SUBROUTINE IS USED FOR VARIOUS PRINTOUTS.
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250 IF(TIME .EQ. DELT) CALL OUTPUT

IF(COUNT .NE. FREQ) GO TO 300

CALL OUTPUT

* NOTE: IF THE SUBROUTINE OUTPUT IS CALLED, THE COUNT WILL BE

* REINITIALIZED TO ZERO IN THE SUBROUTINE OUTPUT

* NOTE: THE TIME PERIOD SELECTED FOR THIS PROBLEM IS 86400

* SECONDS OR I DAY. ANOTHER TIME LIMIT CAN BE USED

* IF THE USER DESIRES A PERIOD DIFFERENT THAN 1 DAY.

300 IF(TIME .LE. S6400) GO TO 70

CALCULATING AND PRINTING CPU TIME USED DURING THE

OPERATING OF THIS PROGRAM

310 PRINT':

PRINT,:

TIYIE1 = CTIME(

CALL UNMACII2.NOUT)

,VRITE(NOUT.*) 'CPU TIME (SECONDS) = ',TIMEI-TIMEO

STOP

END

SUBROUTINE PERI

DIMENSION A( 30). B( 30). C( 30). D( 30), TEMP( 30)
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DIMENSION BETA(30). GAMMA( 30)? QDOT(30, 30, 30)

DIMENSION T( 30, 30. 30). TSTARI( 30, 30. 30)

DIMENSION TSTAR2( 30. 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI, RHO, R. RI. R2. TIME, DELT

REAL LX. LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D, BETA, GAMMA

REAL FLUXI. FLUX2. FLUX3, FLUX4, FLUXS, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

REAL HI, H2. H3, HA. HS, H6

REAL BIOI, B102, B103. B104. BIOS, B106

REAL SIGI, SIG2, SIG3. SIG4, SIG5, SIG6

REAL Ul. U2, U3, U4, U5

REAL VI. V2. V3. V4, V5. V6

REAL WI. W2. W3, W4. XW5. W6

REAL XI. X2. X3. X4. X5, X6

REAL EPSI. EPS2. EPS3. EPS4, EPS5, EPS6

REAL QDOT. GEN, Yl

REAL CTIME. TIMEO. TIMEI

REAL SOLAR. EARTH, ALBCO, RE, DIST, ALT. FE, FA, MU

REAL SOLARI. SOLAR2. SOLAR3. SOLAR4, SOLARS, SOLAR6

REAL EARTH I. EARTH2. EARTH3, EARTH4. EARTH5. EARTH6

REAL ALBEDI. ALBED2. ALBED3, ALBED4, ALBED5. ALBED6

REAL ABS I. ABS2, ABS3, ABS4, ABS5, ABS6

REAL SACI, SAC2. SAC3, SAC4, SACS, SAC6

REAL SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI

REAL P1, P2, P3, P4, P5, P6

INTEGER 1, J, K, M, N, P, IF, L, IFPI, LAST, G, Q

INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T. TEMP

COMMON CP, KI, RHO, R, RI. R2. TIME, DELT
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COMMON LX. LY. LZ. DELX. DELY, DELZ

COMMON 1. J, K, N!. N. P, IF. L. IFPI. LAST

COM'vMON A. B. C. D. BETA. GAMMA. G, Q
COMMON FLUXI. FLUX21, FLUX3, FLUX4, FLUX-5, FLUX6

COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

COMMON HI, H2, H3, H4, H5, H6

COM40N BIOI. B102, B103, B104, B1OS, B106

COMM4ON SIGI. SIG2, SIG3, S1G4, SIG5, S1G6

COMMON UI, U2, U3, U4, U5

COMMON V1, V2, V3, V4, V5, V6

COMMON Wi, W2, W3, WV4. W\5, WV6

COMMON X, ,X2, VXSX4.XV, X6

COMMON COUNT. FREQ, ANSI. ANS2. ANS3. VAL, NOUT

COMMON EPS1. EPS2. EPSS'. EPS4, EPS5, EPS6

COMMION QDOT, GEN. YJ

COMMNON TEMEO. TIMEl

COMM--,ON SOLAR, EARTH. RE, DIST, ALT, FE. FA, MU

COMMON SOLARI, SOLAR2. SOLAR3. SOLAR4. SOLARS5, SOLAR6

COMMON EARTIII, EARTH2. EARTHS. EARTH4. EARTHS. EARTH6

CO'MMON ALBEDI. ALBED2. ALBEDS. ALBED4, ALBEDS, ALBED6

COMMON ABS I. ABS2. ABS3. ABS4, ABS5, ABS6

CO'MMON SACI. SAC2. SACS. SAC4, SACS, SAC6

COMMON SUN. ECLIPS. Ql, Q2, Q3. PERIOD, P1

COMMON P1, P2. P3. P4. P5, P6

IF(TIME .LT. SUN) THEN

GO TO 10

ELSE IF((TIME .GE. SUN) .AND. (TIME .LT. (SUN+ ECLIPS))) THEN

GO TO 20

ELSE IF((TIME .GE. (SUN +ECLIPS)) .AND.

& (TEIE .LT. (2%"UN + ECLIPS))) THEN
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GO TO I10

ELSE IF((TI.ME .GE. (2:'SUN + ECLIPS)) .AND.

& (TIMEI.T. (2'-(SU\-rECLIPS)))) THEN

GO TO 20

ELSE IF((TIE .GE. (2*(SUN+ECLlPS))).AN\D.

& (TIME .LT. (3-SUN + 2*-ECLIPS))) THEN

GO TO 10

ELSE IF((TIME GE. (3*SUN + 2*ECLIPS)) .AND.

& (TIME .LT. Y'(SUN-4- ECLIPS))) THEN

GO TO 0

ELSE IF (TIE.GE. (3-" (SUN + ECLIPS))) -AND.

& (TIME ILT. ('S\+ -3-ECLIPS))) THEN

GO TO 10

ELSE IF((TIE .GE. (4*SUN + 3Y ECLIPS)) .AND.

k- (TIME LT. (4:-(SUN+ECLIPS)))) THEN

GO TO 20

ELSE I R(TI ME .GE. 4*(SUN + ECLIPS)) .AND.

& (TIME IT. (5'*SUN ± 4: ECLIPS))) THEN

GO TO 1(0

ELSE IF((TI.ME .GE. (5*SUN +4*ECLIPS)) .AND.

& (TI.ME .LT. (5*(SUN\+ECLIPS)))) THEN

GO TO 20

ELSE IF((TIME .GE. (5*(SU\+ECLIPS))) .AND.

& (TI-ME .LT. (6--SU\ + 5*ECLIPS))) THEN

GO TO 10
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ELSE IF((TIlE .CE. (6--"SUN -t 5"ECLIPS)) .AND.
&k (TIME .LT. (6*-SUN+ECLIPS)))) THEN

GO TO 20

ELSE IF((TIME .GE. (6*(SUN\+ECLIPS))) .AND.
& (TIMIE.LT. (7'*SU\' + 6*ECLIPS))) THEN

GO TO 10

ELSE IF((TIME .GE. (7*SUN + 6*ECLIPS)) .AND.
& (TIME .LT. (7*(SUN\+ECLIPS)))) THEN

GO TO 20

ELSE IIW(TIM\E GE. (7-,SUN--ECLIPS))) .AND.
&l (TIME .LT. (S'St-N- - 7:.ECLIPS))) THEN

GO TO 10

ELSE IF(TlIE .GE. (S:3SUN + 7---ECLIPS)) .AND.
& (TFIE .LT. (SN:tSUN+ECLIPS)))) THE-N

GO TO0 210

ELSE IF((TJME .GE. (S*(SUN + ECLIPS))) .AND.
& (TIME IT. (9:'SUN -; S::ECLIPS))) THEN

GO TO 10

E:LSE IF((TIMvE.GE. (9' SUN + 8::ECLIPS)) .AND.
& (TIME .LT. (9-':!SUN-+ECLIPS)))) THEN

GO TO 20

ELSE I F((TI ME .GE. (9*(SU + ECUIPS))) .AND.
&(TIME.IT. (10-SUN + 9*ECLIPSD) THEN
GO TO 10

ELSE IF((TI'ME .GE. (10*SUN + 9*ECLIPS)) .AND.
&(T.IE.LT. (I0:-(SUN+ECLIPS)))) THEN
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GO TO 20

ELSE IFt(TIME .GE. (10(SUN+ECLIPS))) .AND.

& (TIME .LT. (11*SUN + 10:::ECLIPS))) THEN

GO TO 10

ELSE IF((TIME .GE. (11*SUN + 10*ECLIPS)) .AND.

& (TIME .LT. (I1(SUN+ECLIPS)))) THEN

GO TO 20

ELSE IF((TIME .GE. (1I*(SUN+ECLIPS))) AND.

& (TIME .LT. (12'eSUN + II*ECLIPS))) THEN

GO TO 10

ELSE

GO TO 20

ENDIF

10 SOLAR = 1353

WRITE(6.*) 'SOLAR ='.SOLAR

GO TO 30

20 SOLAR = 0

WRITE(6.-) 'SOLAR = '.SOLAR
I *

30 RETURN

END

SUBROUTINE PER2

DIMENSION A( 30). B( 30), C( 30), D( 30), TEMP( 30)
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DIMENSION BETA( 30), GAMMA( 30), QDOT(30. 30. 30)

DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)

DIMENSION TSTAR2( 30, 30. 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI, RHO, R. RI, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D. BETA, GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6

REAL HI, H2. 113, H4. H5, H6

REAL BIOI. B102. B103. B104, BIO5, B106

REAL SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

REAL U I. U2. U3. U4. U5

REAL VI. N'2. V3. V4. V5. V6

REAL i'1. W2. W3. W4. WS. W6

REAL XI, X2. X3, X4, X5. X6

REAL EPSI, EPS2. EPS3, EPS4. EPS5, EPS6

REAL QDOT. GEN. YI

REAL CTIME, TIMEO. TIMEI

REAL SOLAR. EARTH. ALBCO, RE, DIST. ALT, FE, FA, MU

REAL SOLARI. SOLAR2. SOLAR3, SOLAR4. SOLAR5. SOLAR6

REAL EARTH 1. EARTIH2. EARTH3, EARTH4. EARTI-15, EARTH6

REAL ALBEDI. ALBED2. ALBED3, ALBED4,. ALBED5, ALBED6

REAL ABSI. ABS2. ABSS, ABS4. ABS5, ABS6

REAL SACI, SAC2, SAC3, SAC4., SAC5, SAC6

REAL SUN, ECLIPS, Q1, Q2, Q3, PERIOD, PI

REAL PI, P2, P3, P4, P5, P6

INTEGER I, J. K. M, N. P, IF, L, IFPI. LAST, G, Q

INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI. TSTAR2, T, TEMP

COMMON CP, KI, RHO, R. RI. R2. TIME. DELT
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COM'MON LX, LY, LZ, DELX, DELX', DELZ

COM MON 1. J, K, M, N. P, I F, L, I FPl1, LAST

COMMON A. B, C, D, BETA, GAMMA, G, Q
COMMON FLUXI, FLUX2, FLUX3, FLUX-4. FLUX5, FLUX6

COMMON TAMBI, TAM B2, TAM B3, TAMB4, TAMB5, TAMB6

COMMON HI, H2. H3, H4I. H5, H6

COMMON BIOI, B102, B103, B104, B105, B106

COMMON SIGI. SIG2, SIG3, SIG4, SIGS, SIG6

COMMON Ul, U2, U3, U4, U5

COMMON N71, V2, V3, V4, V5, N'6
COMMON Wi-, NN-1. W37, NV4, V5, WV6

COMMON X L X2. X3. X4. X5, X6

COMMON COUNT. FREQ. ANSI, ANS21, ANS3, \VAL, NOUT

COM'MON EPSI. EPS2, EPS3. EPS4, EPS5, EPS6

COMMI-\ON QDOT. GEN. YI

COMMON TIMEO, TIME I

COMMON SOLAR. EARTH. RE, DIST. ALT, FE, FA, MU

COMIMON SOLARI. SOLAR2. SOLAR3, SOLAR4. SOLAR5, SOLAR6

COMMON EARTHI, EARTH2. EARTH3, EARTH4, EARTHS, EART-6

COMMON ALBEDi, ALBED2. ALBED3, ALBED4, ALBEDS. ALBED6

COMMON ABS 1. \BS2. ABS3. ABS-I. ABS5, ABS6

COMNMON SAC I. SAC2. SAC3. SAC-I. SAC5. SAC6

COMM.\ON SUN. [CLIPS, QI. Q2. Q3, PERIOD. PI

CO.MMON P1, P2. P3. P4, P5, P6

IF((TIE .GE. (12":(SUN +ECLIPS))) -AND.

& (TIME .LT. (13*SU\ + 12-;ECLIPS))) THEN

GO TO 10

ELSE IF((TIME .GE. (13*SUN + 12*ECLIPS)) -AND.

& (TIME .LT. (I3*(SUN+ECLIPS)))) THEN

GO TO 20

ELSE IFf(TIME .GE. (I3-:''(SU\N+ECLIPS))) .AND.
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& (TIME 1LT. (4SN+ 13'*ECLIPS))) THEN

GO TO 10

ELSE IF((TIME .GE. (14*SUN + 13*ECLIPS)) .AND.

& (TIME .LT. (14*(SLNs+ECLIPS)))) THEN

GO TO 20

ELSE IF((TIME .GE. (14*(SUN + ECLIPS))) .AND.

& (TI.ME .LT. (15*SUN + 14*ECLIPS))) THE\

GO TO 10

ELSE IF(TIE .GE. (15'*SUN + 14:hECLIPS)) .AND.

& (TIME .LT. (IS*'--(SUN + CLIPS)))) THEN

GO TO 20

ELSE IFu 'T.IE .GE. (1.::* SUN+ [CLIPS))) .AND.

& (TIE .LT. (161"SUN + I*;-*:ECLIPS))) THEN

GO TO 10

ELSE IF((TIE .GE. (164-SUN + 15*ECLIPS)).AND.

GO TO 20

ELSE I F((T M E .GE, (I 6*(SUN +ECLI PS))) .AND.

& (TIME .LT. (17*-SUN + 16*ECLIPS))) THEN

GO TO 10

ELSE IF((TIME.GE. (17*SUN + 16*ECLIPS)) .AN\D.

&(TIME .LT. (I17*(SUN +ECLIPS)))) THEN

GO TO 20

ELSE

GO TO 10
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ENDIF

10 SOLAR = 1353

WVRITE(6.*) 'SOLAR = '.SOLAR

GO TO 30

20 SOLAR = 0

WRITE(6,*) 'SOLAR = ',SOLAR

30 RETURN

END

SUBROUTINES XRA-Y1, XR.AY2, AND XRAY3 COMPUTE COEFFICIENT

ARRAY D IN TIlE X DIRECTION

SUBROUTINE XRAYI

SUBROUTINE XRAYI

DIMENSION A( 30). B( 30), C( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30). GAMMA( 30), QDOT( 30, 30, 30)

DIMENSION T( 30. 30. 30). TSTARI( 30. 30, 30)

DIMENSION TSTAR2( 30. 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI, RHO, R, RI, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D, BETA, GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

REAL TAMBI, TAMB2. TAMB3, TAMB4, TAMB5, TAMB6

REAL HI, H2. H3. H4, HS, H6

REAL BIO, BIO, B103, B104, BIO5, B106
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REAL SIGI, SIG2, SIG3, SIG4, S1G5, SIG6

REAL Ul, U2. U3. U4. US

REAL VI, V2. '3, V4, V5, V76

REAL WI. W2, W3. \\74. W5, N\76

REAL XI, X2, X3, X4, X5, X6
REAL EPSI, EPS2, EPS3, EPS4, EPS5, EPS6

REAL QDOT, GEN, YI
REAL CTIME, TIMEO, TIME1

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLAR5, SOLAR6

REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6

REAL ALBEDI. ALBED2. ALBED3, ALBED4. ALBED5. ALBED6

REAL ABSI, ABS2, ABS3, ABS4, ABS5. ABS6

REAL SACI. SAC2. SAC3. SAC4. SACS, SAC6

REAL SUN. ECLIPS, QI. Q2. Q3, PERIOD. PI

REAL Pl. P2. P3. P4. PS. P6

INTEGER I. J. K. M. N. P. IF. L, IFPI, LAST, G, Q

INTEGER COUNT, FREQ. ANSI. ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP. KI. RHO, R. RI. R2. TIME, DELT

COMMON LX. LY, LZ, DELX. DELY, DELZ

COMMON 1. J. K. NI. N, P, IF, L, IFPI. LAST

COMMON A. B. C, D. BETA. GAMMA. G, Q

COMMON FLUXI, FLUX2. FLUX3, FLUX4, FLUX5, FLUX6

COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

COMMON HI, H2, H3, H4, H5, H6

COMMON BIOI, B102. BIO3, B104, BIOS, B106

COMMON SIG], SIG2, SIG3, SIG4, SIG5, SIG6

COMMON Ul, U2, U3, U4, U5

COMMON VI, V2, V3, V4. V5, V6

COMMON \VI, W2. W3. W4. W5, W6

COMMON XI, X2. X3. X4. X5, X6
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COMMON COUNT, FREQ

COMMON EPSI. EPS2. EPS3, EPS4, EPSS, EPS6

COMMON QDOT. GEN. Yl

COMMON TIMEO, TIMEl

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU

COM.MON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLAR5, SOLAR6

COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTH-5, EARTH6

COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

COMMON ABS 1, ABS2, ABS3, ABS4, ABS5, ABS6

COMMON SACI, SAC2, SAC3, SAC4, SAC5, SAC6

COMMON SUN, ECLIPS, Qi, Q2, Q3, PERIOD, P1

COMMON P1, P2. P3. P4. P5. P6

JV((1.EQ.1) -AND. (J.EQ 1.)) THEN

D(l) = T(I.J.K) + U3*(T(I,J + I.)-T(I,J.K)) +

& U4'(T(I,JI.K + 1) - T(J.J.K)) + V1V(TA-MB1 - T-(1.J.K)) +

& V3*(TAM\'B3 - T(I.J.K)) + V6'*(TAM136 - T(I.J,K)) + W1

& W3 +~ W6 + XI*:'((IJ.K)-'-"4 - TA.NB1*-*4) +

& X3*(T(1.J.K)--**4 - TAM BS"A4) +

& X6*(T( 1.J.K )*-"z4 - TAM\B6*:4) + Y1 *QDOT(1.J,K)

ELSE IF(((1.GT.1) .AN\D. (1.LT.M)).AND. (J.EQ.1)) THEN

D(I) = T(I.J.K) + U'V(1(IJ + I K) - T(1.J,K)) +

& U4*(T(l,J.K + 1) - T(1.JK)) + VI*(TAMBI - T(I,J,K)) +

& V3P(TAMlB3 T(l.J.K)) + W1' + -v3 +

& Xla'(T(1,J.K)*:-'- - TAMBIl**4) +

& X3-*(T(1.J,K)*: 4 - TAMB3**4) + YI*QDOT(I,J,K)

ELSE IF((I.EQ.M) .AN-D. (J.EQ.1)) THEN

D(l) = T(1 ,K) + U Y:(T(IJ + 1, K) - T(I,J, K)) +

& U44'(T(I,J.K+ 1) - T(I,J.K)) + VI*(TAMBI - T(IJ,K)) +

& V3*(TAMB3 - T(1.J,K)) + VS*(TAMB5 - T(Ij,K)) +

& \Vi + Wv3 + WV5 + XI*(T(I,J,K)**4 - TAMBl'*4) +

& X3(T(I.J.K)*--'t4 - TAMB3'*4) +
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& X5*(T(I,J.K)","4 - TAMB5*~*4) + N'I*QDOT(I.J.K)

ELSE IF((1.EQ.I) -V\D. ((J.GT.1).AND. (J.LT.N))) THE-N

D(I) = T(LJ.K) + U I "(T( .J- IK) + T(I,J + 1,K) - 2*T(I.J,K)) +

& C4*(T(1,J.K + 1) - T(1,J,K)) + V3*(TAMB3 - T(IJ,K)) +

& V6*(TAMB6 - T(I,J.K)) + W3 + W6 +

& X3*(T(I,J,K)**4 - TAMB3**4) +

& X6*(T(I,J,K)**4 - TAMB6**4) + YI*QDOT(IJ,K)

ELSE IF(((I.GT.1) .AN-D. (I.LT.M)) -AND. ((J.GT.1).AND.

& (J.LT.N))) THEN

D(I) = T(I.J.K) + U1*{T( .J-1. K) + T(I,J+ 1,K) - 2*T(I.J,K)) +

& L4-(T(I.J.K + 1) - T(1.J.K)) + V3*(TAMB3 - T(I.J,K)) +

& N3 -X-'*(T(I.J.KP*"-4 - TA.NB3**~4) + NYI*QDOT(I,J.K)

ELSE IF((I.EQ..M .AND. ((J.GT.I) .AND. (J.LT.N))) THEN

D(I) = T(I.J.K) + U I :(T(1.J- 1.K) + T(LJ + 1,K) - 2-T(1.J.K)) +

& U4:'-(T(II.J.K + 1) - T(I.J,K)y + V3'*(TAMNB3 - T(1.J.K)) +

& N\:(TA\IB; - T(l..J.Kj) + W3 + W5 +

& X3: (TUl.J.K)* t4 - TANI 13"4) +

&X5*(T( IJ.K )*-1 - TAM B5*--4) + Y1 *QDOT(1,J,K)

ELSE IF((I.EQ.1) .AND. (J.EQ.N\) THEN-

D(Ib = T(I.JK) + U3~T1J1K T(1.J,K)) +

&U4'*(T(1,J.K + 1) - T( .J.K)) + V%24T(TANIB2 - T(I.J,K)) +

& V3'(TA.\MB3 - T(1,J.K)) + V6*(TAMB6 - T(I.J,K)) +

& W2 + W3 + WV6 + X2*:(T(IJ,K)**4 - TAMB2**4) +

& X3*(T(I.J,K)**4 - TAMB3**4) +

&X6*(T(1.J.K)**4 - TAMB6**4) + Y1 *QDOT(I,J,K)

ELSE IF(((1.GT.1) .AND. (1.LT.M)).AND. (J.EQ.N)) THEN

D(I) = T(1.J,K) + U3*(T(LJ-1,K) - T(1,J,K)) +

& U4'"(T(I.J.K + 1) -T(1,J.K)) + V2*(TAMB2 - T(I,J,K)) +

& V3-*(TAM*vB3 - T(1.J.K)) + W2 + WN3 +
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&X2*(T(I.J.K)**4 - TAMB2*:A) +

& XS.:(T(I.J.K)--4 - TAMB3):';:) + YlI*QDOT(I.J.K)

ELSE

D(J) = T(I,J,K) + U3*(T(1,J-I.K) - T(l,J,K)) +

& U4*(T(I,J.K + 1) - T(1,J,K)) + V2*(TAMB2 - T(l,J,K)) +

& N!3*(TAMB3) - T(I.J,K)) + V5*(TA.MB5 - T(JJ,K)) +

& ~' +W3+WS + X2*(T(I,J,K)**4 - TAMB2**4) +

& X3*(T(I.J,K)--N4 -TA.MB3*4) +

& X5*-(T(I,J.i,)**4 - TAMB5**4) + Y1*QDOT(I,J,K)

ENDI F

RETURN

EN D

* SUBROUTINE NRAY2

SUBROUTINE XRAY2

DIMENSION A( 30). B( '0. C( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30). GAMIMA( 30). QDOT( 30, 30, 30)

DIMENSION T( 30. 30. 30). TSTARI( 30. 30. 30)

DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI, RHO, R, RI, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D. BETA, GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

REAL TAMBI. TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

REAL H I, H2, H3, H4, H5, H6
REAL B101, B102, B1031, B104, B105, B106

REAL SIGI. SIG2. S103. SIG4, S1G5, 5106
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REAL Ul. U2. U3, U4. U';

REAL VI, V2. V4. V5. V6

REAL VI, WV2. W3, V4. XWS. NV6

REAL Xl, X2, X3. X4. X5. X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEN, Yl

REAL CTIME, TIMEO, TIME I

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLAR5, SOLAR6

REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTH5, EARTH6

REAL ALBEDI, ALBED2. ALBED3. ALBED4, ALBED5, ALBED6

REAL ABS1. ABS2. ABS3. ABS-1. ABSS, ABS6

REAL SACI. SAC2, SAC3. SAC4, SAC5, SAC6

REAL SUN. ECLIPS. QI. Q2. Q3, PERIOD, PI

REAL Pl. P2. PS. P4. P5. P6

INTEGER I. J, K. M. N. P, IF. L. IFPI, LAST, G, Q

INTEGER COUNT. FREQ. ANSI. ANS2. ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2. T, TEMP

COMMON CP. KI. RHtO. R, RI. R2, TIME. DELT

COMMON LX. LY, LZ. DELX. DELY, DELZ

COMMON I. J. K, M. N, P. IF, L. IFPI, LAST

COMMON A. B. C. D. BETA, GAMMA. G, Q

COMMON FLUXI, FLUX2, FLUX3. FLUX4, FLUX5, FLUX6

COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

COMMON HI, H2, H3. H4, H5. H6

COMMON BIOI, B102, B103, B104, B105, B106

COMMON SIGI, SIG2, SIG3, SIG4, SIGS, SIG6

COMMON Ul, U2, U3, U4, U5

COMMON VI, V2, V3, V4, V5, V6

COMMON WI, W2, W3, W4, W5, W6

COMMON Xl, X2, X3, X4, X5. X6

COMMON COUNT. FREQ
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COM"vMON EPSI. EPS2, EPS3, EPS4, EPS5, EPS6

COMMON QOOT, GEN. Yl

COMMON TIMEO, TlIEI

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2. SOLAR3, SOLAR4, SOLARS, SOLAR6

COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6

COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

COMMON ABS 1, ABS2, ABS3, ABS4, ABS5, ABS6

COMMON SACI, SAC2. SAC3, SAC4, SACS, SAC6

COMMON SUN, ECLIPS, QI, Q2, Q3, PERIOD, P1

COMMON P1, P2, P3, P4, P5, P6

IF((I.EQ.I) AND. (J.EQ.I)) THEN

D(I) = T(IJ,K) + U2*:(T(I,JK- 1) + T(I.J.K + 1) - '2*T(I,JK)) +

U 3 *T(1,J + 1, K) - T(I.J,K)) + V I*(TA MB1I - T(1.J. K)) +

& V6'---(TAMNB6 - T(I.J,K)) + WVI +~ WX6 +

& X1'*(T(I,J,K)-'--- - TAMBI**4) +

& X6:(T(IJ.K)**4 - TAMNB6**4) + Y1l:-QDOT(I.J.K)

ELSE IF(((I.GT.1) .AND. (I.LT.MI)) .AND. (J.EQ.1)) THEN

D' = T(I.J.K) + U2*(T(I.J.K-1) + T(I,J,K + 1) - 2*~T(I.JK)) +

U U3 :(T(I.J -- 1, K) - T(1,J, K)) + V I *(TA M B1 - T(J,K)) +

& WVI + X(TJK*4-TAMB1*:4) + Y'QDOT(I,J,K)

ELSE IF((1.EQ.M) -AND. (J.EQ.I)) THEN

D(l) = T(I.J,K) + U2--:-(T(I,J,K-1) + T(IJ,K + 1)- 2*T(IJ,K)) +

& U3*(T(I.J+ 1,K) - T(IJ,K)) + V1*(TAMBI -T(I,J,K)) +

& V5*(TAMB5 - T(1,J,K)) + WI + W5 +

& Xl*(T(I,J,K)**4 - TAMB1**4) +

& X5*(T(I.J,K)**4 - TAMB5**4) + Y1*QDOT(IJ,K)

ELSE IF((I.EQ.1) -AND. ((J.GT.1) .AND. (J.LT.N))) THEN

D(I) = T(I,J,K) + U I*(T(I.J- 1.K) + T(I,J + 1,K) - 2*T(IJ,K)) +

& U2*(T(I.J.K-1) + T(I.i,K + 1) - 2*T(I,J,K)) +
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& V6*(TAMB6 - T(I.J,K)) + W6 +

&X6*(T(I.J.KY*"4 - TAMB6*-*4) + Y1I*QDOT(I,j,K)

ELSE IF(((I.GT.1) .AND. (I.LT.M)) .AND. ((J.GT.1) .AND.

& (J.LTN))) THEN

D(I) =T(IJ,K) + U1I*(T(I,J-1,K) + T(I,J+ 1,K) - 2*T(I,J,K)) +

& U2*(T(I,J.K- 1) + T(I,J,K + 1) - 2*T(I,J,K)) +

& YP*QDOT(I,J,K)

ELSE IF((1.EQ.M) -AND. ((J.GT.1) .AN\D. (J.LT.N'))) THEN

D(l) =T(I.J,K) + L:I *(T(I,J- 1,K) + T(1,J + 1,K) - 2*T(I,J,K)) +

& U2 (T(IJ.K-1) + T(I.J.K + 1) - 2'-T(I.J,K)) +

& \-5*:(TA\\1B5 - T(I.J.K)I + W5 +

&X5:''(T(I,J,K)' 4 - TAMB'*4) + Y1 *QDOT(I.J,K)

ELSE IF((I.EQ.1) .AN\D. (J.EQ.N\)) THEN

D(Ii T(I.JK) + U2 * (T(I.J.K-1) + T(I,J.K + 1) - 2*T(I.J.K)) +

& U3*:(T(1.J.1,K) - T(I.J.K)) + V2(TAMB2 - T(I,J,K)) +

& -6*(TANMB6 - T(1.J,K)) + W2 + W6 +

& (TIJ.)-' - TAM \B2**4) +

&X6*(T(1,K)"'4 - TAMB6*:4) + YI*QDOT(I,J,K)

ELSE IF(((1I.GT.1) .AND. (1.LT.M)) .AND. (J.EQ.N\)) THEN

DOI) =T(I.J.K) +U2*(T(I.J.K-1) + T(I1,J,K + 1) - 2'*T(I,J,K)) +

& LU3- (T(I.J-1.K) - T(I.J.K)) + V2*(TAMB2 - T(IJ.K)) +

& W2 + X2'"(T(I,J,K)**4 -TAMB2*-;4) + Y1*QDOT(I,J,K)

ELSE

D(l) =T(I,J,K) +- U2*(T(1,J,K-1) + T(IJ,K + 1) - 2*T(IJ,K)) +

&U3*(T(I,J-1,K) - T(I,J,K)) + V2*(TAMB2 - T(I,J,K)) +

& V5*(TAMB5 - T(IJ,K)) + WV2 + W5 +

& X2*(T(I.J,K)**4 - TAMB2**4) +

& X5*(T(I,J.K)**4 - TAMB5**4) + Yl*QDOT(!,J,K)
AI
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ENDIF

RETURN

END

* SUBROUTINE XRAY3

SUBROUTINE XRAY3

DIM ENSION A( 30). B( 30), C( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)

DIMENSION T( 30. 30, 30), TSTARI( 30, 30, 30)

DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI. RHO. R. RI. R2. TIME, DELT

REAL LX. LY, LZ, DELX, DELY, DELZ

REAL A. B. C, D. BETA. GAMMA

REAL FLUXI, FLUX2. FLUX3, FLUX4, FLUX5, FLUX6

REAL TAMBI, TAMB2. TAMB3, TAMB4. TAMB5. TAMB6

REAL HI, H2. H3, H4. 115. H6

REAL BIOI, B102. BIO3, B104. BIO5, B106

REAL SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

REAL UL U2. U3. U4, US

REAL VI. V2. V3. V4, V5.V6

REAL WI, W2, W3, \V4, XXW5, W6

REAL XI, X2, X3, X4, X5, X6

REAL EPSI, EPS2, EPS3, EPS4, EPS5, EPS6

REAL QDOT, GEN, YI

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3, SOLAR4. SOLAR5, SOLAR6

REAL EARTHI. EARTH2, EARTH3, EARTH4. EARTHS, EARTH6

REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBED5, ALBED6
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REAL ABS 1.ABS2. ABS3. ABS4, ABS5. ABS6

REAL SAC 1. SAC.". SACS, SAC4, SAC5, SAC6

REAL SUN. ECLIPS, QI. Q2. Q3. PERIOD, PI

REAL PI, P2. P3. P4, P15, P6

INTEGER 1. J, K, M, N. P, IF, L, IFPI, LAST, G, Q
INTEGER COUNT, FREQ. ANSI, ANS2, ANS3, VAL. NOUT

COMMON TINIT, TSTAR1, TSTAR2, T, TEMP

COMM-NON CP, KI, RHO, R. RI, R2, TIME, DELT

COMMON LX. LY, LZ. DELX. DELY, DELZ

CO'MMON 1, J. K. M. N. P. IF. L, IFPI. LAST

COMMON A, B. C. D. BETA. GAM*IMA, G. Q
COMMON FLUX 1. FLU X2. FLUX3. FLUX4. FLUX5. FLUX6

COMMNON TANI! TAMIB2. TAM'vB3, TAMB4, TA-MB5, TAMB6

COMMON 111. H2. H13. H-4. 115. 1-16

COMMNON BIOI, B102. B1OS. B104. BIO5. B106

COMIMON SIGI. SIG2. SIG1. S1G-4. SIG5. SIG6

COM.\MON UI. U2. U3. U4, U5

CONI'MON VI V2, V_ V4, V5. V6

COMMON WI. W2, W3S. W4. WS. W6

COMMON X1. X2. X3. X-4, X-5. X6

COMMI\,ON COUNT. FREQ

COMMON EPSI. EPS2, EPSS. EPS4. EPS5. EPS6

COMMON QDOT. GEN. Y1

COMMON TIMEO, TIMLI

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLAR], SOLAR2, SOLAR3, SOLAR4. SOLAR5, SOLAR6

COMMON EARTH 1. EARTH. EARTH3, EARTH4. EARTHS, EARTH6

COMMON ALBEDI. ALBED2. ALBEDS), ALBED4, ALBED5, ALBED6

COMMON ABS I, ABS2. ABS3, ABS4, ABS5, ABS6

COMMON SAC!, SAC2, SAC3. SAC4. SACS, SAC6

COMMON SUN, ECLIPS. QI. Q2, Q3, PERIOD, P1
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COMMI-\ON Pl. P2. P3. P4, P5, P6

IF((I.EQ.I) .AND. (J.EQ.l)) THEN

DO) = T(I,J, K) + L:3 (T(.J + 1. K) -T(1i,K)) +

& U4*(T(l,J.K-1) - T(I,J,K)) + VI*(TAMBl - T(1,J,K)) +

& V4*(TA.\B4 - T(I,J,K)) + V6*(TA.MB6 - T(I,J,K)) + WI +

& W4 + W6 + X I (T(I.J. K) * 4 - TA MB I **4) +

& X4 :(T(,J.K)**4 - TAMB4*1*4) +

& X6*(T(1,JK)**4 - TA.MB6"'4) + NYI*QDOT(1,J,K)

ELSE IF(((I.GT.I) .AND. (I.LT.M)) .AND. (J.EQ.l)) THEN

D(I) = T(I.J. K) - L:3 (T(IJ+ 1. K) - T(1.J, K)) +

& 4*T(1i,.K 1) - T(1.J.K)) + NVJ)'(TAM'\Bl - T(I.J.K)) 4-

& V4'*(TAM\B4 - T(I.J,K)) + NVI + W4 +

& XI (Td .J.K)* -4 - TAM B I *4) +

I& X4(T(I.J.K*-4 - Ts \'B4-"4) + NYI'QDOT(l.J.K)

ELSE IF(,'.EQ.AI) -AND. (J.EQ.I)) THEN

D1)= Tf IJ. K) 4- U 3 "(T(IJi + 1.K) - T(1.J. K)+

& U4:"-(fJ.K-1) - T(IJ.K)) +- NVI'(TAMN.BI -T(1.J.K)) +

& %'4*(TA\MB4 - T(I.J.KP) ± %'5*TAMB5 - T(I.J.K)) + WI +

& W-4 + NN" +r X1l*(T(IJ..K)*? A - TAMBI*: 4) +

& X4'N(T(1.J.Kv!- 4 - TA%,B4*.4) +

& Xs::*(T(IJ.K*:t4 - TA.MB5*"4) + Y1*QDOTU.J,K)

ELSE IF((I.EQ.I) .AND. ((J.GT.i) .AND. (J.LT.N))) THEN

D(l) = T(I.J.K) + U1*(T(IJ-1,K) + T(I,J+ 1,K) - 2'T(I,J,K)) +

& U4*(T(I,J,K-1) - T(I .J,K)) + V4*(TAMB4 - T(IJ.K)) +

& V6---(TAMB6 -T(I,J,K)) + WN4 + W6 +

& X4*(T(1,J.K)**4 - TAMB4**4) +

& X6'(T(1,J,K)**4 - TAMB6**4) + YI*QDOT(i,J,K)

ELSE IF(((1.GT.1, -AND. (!.LT.M)) AND. ((J.GT.1) -AND.

& (J.LT.NU')) THEN
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DOI) = T(I.J. K) + U I (T(I.J -1, K) + T(I,J + 1,1K) - 2 *T(I.J, K)) +

& U4-":-(T(IJK1) - T(IJ.K)) + V4*(TAMB4 - T(1.J,K)) +

& W4 + X4":(T(.J.K)-*4 - TA\1B4**4) + Y1 *QDOT(I.J.K)

ELSE IF((L.EQ.M) .AND. ((J.GT.1) AND. (J.LT.N))) THEN
D(I) = T(I,J,K) + U I (T(I.J- 1,K) + T(I,J + 1,1K) - 2*T(I.J,K)) +

& U4*(T(1,J.K-1) - T(I,J,K)) + V4*(TAMB4 - T(1,J,K)) +

& V5*(AMBS - T(1,J,K)) + W4 + NNV5 +

& X4":-(T(I.J.K)**4 - TAMB4* ~4) +

& X5-:TI..)* - TAM-vBS**4) + YI*QDOT(1,J,K)

ELSE 1F(1IEQ.I) .AND. (J.EQ.N)) THEN

D(II) = TU..J.K) + U3- -(T(.J-1,K) - T(I.J.K)) +

& LA: (T(I.J.K-1) - T(1.J,K)I + NV2')(TAMB2 - T(I.J.K)) +

& N\4(TAM\B4 - T(1.J.K)) + V6'-(TANMB6 - T(1,J,K)) + WV2+
& W4- + WV6 -;- X2 (T0.J.K)'*4 -TAMNB2**4) +

& X4 : (T(1.J.K)*-"4 - TANIB4**~4) +

& X6:"(T(I.J.Ky"-4 -TA.\B6-*-4) + Y'*QDOT(I,J,K)

ELSE IF(((1.GT.Iy .AND. (1.LT.M,)) .AND. (J.EQ.N)) THEN
Dkl) = T(I.J.K) + U 3:-(T(I.J-1.K) - T(1.J.K)} +

& U4 ':(T(IJ.K-1) - T(I.J.K)) + %*2:(TAM\B2 - T(I.J.K)) +

& \V4'>TANIB4 - T(I.J.IK)) + NN2 + WV4 +

& X2*(T(I.i.Ky:%4 - TA.MB2* -: 4) +

& X4*(T(1.J.Kr''- 4 - TANMB4*"4) + YI*QDOT(1,J,K)

ELSE
D(l) = T(I,J,K) + C3*-(T(Ij-1,K) - T(IJ,K)) +

& U4*(T(1,J,K-1) - T(I,J,K)) + V2*(TAMB2 - T(IJ,K)) +

& V4--(TAMB4 - T(I,J.K)) + V5*-(TAMB5 - T(I,J,K)) + W2 +

& W4 + WV5 + X2"((T(I,J,K)**4 - TAMB2**4) +

& X4*(T(1,J,K)*'-"4 - TAMB4**4) +

& X5*(T(.J,K)*:'4 - TAMB5---*4) + )7I*-QDOT(I,J.K)
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ENDIF

RETURN

END

* SUBROUTINES YANK I, YANK2, AND YANK3 COMPUTE COEFFICIENT

* ARRAY D IN TFE Y DIRECTION

SUBROUTINE YA\K

SUBROUTINE YANK I

DIMENSION A( 30). B( 30). C( 30). D( 30). TEMPP( 30)

DIMENSION BETA( 30). GAMYA(30). QDOT( 30. 30, 30)

DIMENSION T( 30. 30. 30). TSTARI( 30, 30. 30)

DIMENSION TSTAR2( 30. 30. -30

REAL TINIT. TSTARI, TSTAR2. 1. TEMP

REAL CP. KI. RHO. R. RI. R2. TIME. DELT

REAL LX. LY. LZ. DELX, DELY, DELZ

REAL A. B. C. D. BETA. GAIMA

REAL FLUXI, FLUX2, FLUX3, FLUX-4. FLUX5. FLUX6

REAL TAMBI, TAMB2. TAMB3, TAY, IB4. TAMB5. TAMB6

REAL Hi, H2, H3, H4, H5, H6

REAL BIOI, B102, B103, B104, BIOS, B106

REAL SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

REAL UI, U2, U3. U4, US

REAL VI, V2, V3, V4, V5, V6

REAL WVI. W2, W3, W4. W5, W6

REAL XI, X2, X3, X4. X5. X6

REAL EPSI. EPS2, EPS3, EPS4, EPS5. EPS6
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REAL QDOT. GEN, Y1

REAL CTIME, TIMEO, Tl.MvEl

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2. SOLAR3, SOLAR4. SOLAR5, SOLAR6

REAL EARTH1, EARTH2, EARTH-), EARTH4, EARTHS, EARTH6

REAL ALBED1. ALBED2. ALBED3, ALBED4, ALBEDS, ALBED6

REAL ABS I, ABS2, ABS3, ABSA, ABS5, ABS6

REAL SACI, SAC2. SAC3, SAC4, SACS, SAC6

REAL SUN. ECLIPS, QI, Q2, Q3, PERIOD, PI

REAL P1, P2, P3. P4. P5. P6

INTEGER 1. J. K. M. N, P, IF. L, IFPI, LAST. G, Q
INTEGER COUNT. FREQ. ANSI. ANS2. ANS3. VAL. NOLT

COMMI'%,ON TINIT. TSTAR1. TSTAR2. 'r. TEMIP

COMMNON CP. KI. RHO. R. RI. R2, TIME, DELT

COMIMON LX, LY. LZ. DELX. DELY. DELZ

COMMON I.J.. K.. M, N. P. IF. L, IFPI, LAST

CO'MMON A. B. C, D. BETA. GAMMA. G. Q
COMMON FLU--Xi. FLUN2. FLUXS1. FLUX4. FLUNS. FLUX6

COMMl'\ON TA'MI. TAMB2. TAMB3. TAM IB4. lAMBS5. TAMB6

COMMFNON Hl. H2, H3. H4. HS5. 116

COMNvMON B101, B102. B103. B104, BIOS. B106

COMMON SIGI. S1G2, SIG3l. SIG4, SIG5, S1G6

COMMOF\10N U I. U2., U 3. U 4, U -

COMMNON VI. V2. V3. V4. V5. V6

COMMON IWI, WN2, W3. W4, W5, W6

COMMON Xi, X2, X3, X4, X5, X6

COMMON COUNT. FREQ

COMMON EPSI. EPS2. EPS3, EPS4, EPS5, EPS6

COMMON QDOT, GEN, YI

COM vMON TlMEO, TIMEI

COMMON SOLAR, EARTH, RE, DIST, ALT, FE. FA, MU

COMMON SOLARL1 SOLAR2. SOLAR3, SOLAR4, SOLAR5, SOLAR6
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COMMON EARTH 1, EARTH2. EARTH-3, EARTH4. EARTHS, EARTH6

COMNMON ALBEDI. ALBED2, ALBED3), ALBED-L ALBED5, ALBED6
CO.MMON ABS I. ABS2. ABS3, ABS4, ABSS5, ABS6

CO.MMON SAC, SAC2, SAC3, SAC4. SACS, SAC6
CO'MMON SUN, ECLIPS. Qi, Q2, Q3, PERIOD. PI

COMMON PI, P2, P3, P4, P-5, P6

IF((J.EQ.I) .AND. (I.EQ.I)) THEN

D(J) = T(J,J,K) + U4--(T(I,J.K + 1) - T(I.J,K)) +

& US'*(TSTARI(I + 1,J.K) - TSTART(I,i,K)) +

& V1*(TA.\Bl - T(I.J.K)) + \3*(TA.MB3 - T(I.J.K)) +

Lk V6*(TAMB6 - T(I.J,K)) + NVI + W3 -4- W6 +

& Xl(T(.J.K)**:4 - TA.MBI*--4) +

& N' (T(1J.Kr *4 - TA.\I3**4) +

6& X6-' (T(.J.K)*-4 - TAMB6"14) + YFAQDOT(I.J.K)

ELSE IF(((J.GT.fl .AND. (J.LT.N) .AND. (l.EQ.1 p) THEN

D(J) = T I.J.K) + U4 '(T(IJi.K+ 1) - T(I.J.K)) +

& U5*1TSTARI(I + 1.J.K) - TSTARI(T.J.K)) +

& V' (TAMB3 - T(I.J.K)) + NV6"(TAMXB6 - T(I.JK)) +

S& V3 + NV6 +~ X3Y:f(T(I,J.Ky:14 - TAN IB3"4) +

& X6:(T(I.J.K*"-4 - TANIB36'4) + Yl*QDOT(I,J,K)

ELSE IF((J.EQ.N) AND. (I.EQ.I) THEN

D(J) = T(I.J.i + U4l (T(1J.K -1) -T(I.J.K)) +

& U5"'-(TSTAR1I(I + .J.K)- TSTARI(1.J.K)) +

& V2*(TAMB2- - T(l,J,K)) + V3*(TAMB3 - T(1,J,K)) +

& V6*(TAMB6 - T(I,J,K)) + W2 + W3 + W6 +

& X2*(T(I,J,K)**4 - TAMB2**4) +.

& X3-(T(1.J.K)":4 - TAMB3**M) +

& X6*(T(I,J.K)4:*4 - TAMB6*-4) +YI*QDOT(1,J,K)

ELSE IF(qJ.EQ.I) .AND. ((I.GT.l) .A\D. (I.LT.M))) THEN

D(J) = T(1,J.K) + U4s:(T(1.J.K+ 1) - T(I,J.K)) +
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&FO*(TSTAR1(I-1,J.K) + TSTARI(I + 1,J,K) - 2'*TSTAR1(I,J,K))

+ V1'"(AMI - T(I.J.K)) + NV3*:(TX\IB3 - T(I,J,K)) + NVI +

& W3 +4 X I (T(l.J. K) * 4 - TAM B I* 4) +

& X3*(T(l.J.Kf* 4 - TAM\BY"*-4) + YI*QDOT(I.J,K)

ELSE IF(((J.GT.1) AND. (J.LT.N)) .AN\D. ((1.GT.1) -AND.

& (1.LT.M))) THEN

D(J) = T(I,J.K) + U4*(T(1,J.K + 1) - T(I.J.K)) +

& FOs:'-(TSTARI(J-1,JK) + TSTARI(J + 1,J,K) - 2*TSTARI(IJ,K))

& + NV3*(TANMB3 -TU,,J,Kyi + W3 +

& X3*(T(I.J.Ky:''-4 - TANIB3"'-4) + Y1*QDOT(IJ,K)

ELSE IF((J.EQ.N) -AND. ((I.GT.l).AN*D. (I.LT..M))) THEN

DO) = T(I.i.K) + U4*(T(I.J.K - 1) - T(I.J.K)i +

& FO' (TSTAR1U-1.J.K) - TSTARI([ +I,J.K) - 2"'lTSTARI(I,J.K))

& + NV2:*(TA.M\B2 - T(I.J.K)) + V3*(TAMB3 - T(I.J,K)) + W2 +

& W3 .- X2- lTU.J.K:-, :4 - TA.B2IB2*"4) +

&X3:::(T(.J.K)**-4 - TANIB3*--'4) + Y1'QDOT(I.J,K)

ELSE IF((J.EQ.I) -AND. (!.EQ.Mn) THEN

D(J) = T I.J.K) L4!-(T(I.JK +1.)- T(IJ,K)) +

& U5::(TSTARI(I-!.J.K) - TSTAR1(I.J.K)) +

& VFI(TAMBI - T(I.J.Kfl - X3Y(TiXMB3 T(1.JJK)j +

&V-5*(TAMOB5 - T(1.J.K,) + WVI + W3 + WV5 +

Xi (T( I I.K )*-*4 - TAM B I :4 ) +

&X3"*(T(I.J.Ky:'-':4 - TA.\B3**4) +

& X5*(T(I.J,K)**4 - TAMB5**4) + YlI*QDOT(I,J,K)

ELSE IF(((J.GT.I) A-\D. (J.LT.N)) -AND. (I.EQ.M)) THEN

D(J) = T(I,J,K) + 4*((,JK+ 1) - T(I,J.K)) +

& US*(TSTARI(I-1,J,K) - TSTAR1(IJ,K)) +

& NV3(TANMB3 - T(I.JJ.Z)) + V5*(TAMB5 - T(1.J,K)) + WA.3 +

& W5 +~ X34:,T(IJ.KV*-"4 - TAMB3-:1*4) +
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& XS*(T(I,J.K)**4 - TA.MB5**4) + YI*QDOT(I.J.K)

ELSE

D(J) =TkI..,K) + L-P*(T(IJK + I) - T(IJ,K)) +

& U5*(TSTARl(I-I,J,K) - TSTARI(1,J,K)) +

& V2')*(TAMB2 - T(I.J,K)) + V3*(TAMB3 - T(I,J,K))+

& V5-"(TAIMB5 - T(I,J,K)) + WV2 + WN3 + W5 +

& X2?(T(I.IJ,K)**4 - TAMB2**4) +

& X3*(T(I,J.Ky**4 -TA-MB3**4) +

& X5*(T(I,J.K)**4 - TAMB5**4) + YI*QDOT(l,J,K)

ENDIF

RETURN

END

SUBROUTINE YANK2

SUBROUTINE YANK."

DIMIENSION A( 330). B(l 30), C( 30). D( 30). TEMvP( 30)

DIMENSION BETA( -O). GANIMA( 30). QDOT( 30, 30. 30)
DIMIENSION T( 30. 30, 30). TSTARI( 30, 30, 30)
DIMIENSION TSTAR2( 30. 30. 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, Ki, RHO, R, RI, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B. C. D, BETA. GAMMA

REAL FLUXI. FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

REAL TAMBI, TAMB2. TAMB3, TAMB4. TAMB5, TAMB6

REAL H I, H2, H3, H4, H5, H6

REAL B101. B102, BIO3. B104, B105, B106

REAL SIGI, SIG2. SIG3. 51G4. SIGS, S1G6
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REAL U1, U2. U3. U4. U5

REAL VI. V2. V3, V4, VS. V6

REAL VI. W2, W3, W4, WS, W6

REAL XI, X2, X3, X4, X5, X6

REAL EPSI, EPS2, EPS3, EPS4, EPS5, EPS6

REAL QDOT, GEN, Yl

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6

REAL EARTH 1, EARTH2, EARTH3, EARTH4, EARTH5, EARTH6

REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6

REAL ABSI. ABS2, ABS3. ABS4. ABSS. ABS6

REAL SACI, SAC2. SAC3, SAC4, SACS, SAC6

REAL SUN. ECLIPS, QI. Q2. QS. PERIOD, PI

REAL PI. P2. P3. P4, PS. P6

INTEGER I. J. K. I. N, P. IF. L, IFP1. LAST, G, Q

INTEGER COUNT. FREQ. ANSI, ANS2. ANS3, VAL, NOUT

COMMON TINIT. TSTARI. TSTAR2, T. TEMP

COMMON CP, KI, RHO. R. RI. R2, TIME, DELT

CO.IMON LX, LY. LZ. DELX. DELY, DELZ

COMMON I, J, K. i. N, P. IF. L. IFPI, LAST

COMMON A. B. C. D. BETA. GAMMA. G, Q

CO..MON FLUXI. FLUX2. FLUX3. FLUX4. FLUXS, FLUX6

COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6

COMMON HI, 112, H3, H4, H5, H6

COMMON BIO, B102, B103, B104, BIO5, B106

COMMON SIGI, SIG2. SIG3, SIG4, SIG5, SIG6

COMMON U1, U2, U3, U4, U5

COMMON VI, V2, V3, V4, VS, V6

COMMON WI, W2, W3, W4, W5, W6

COMMON XI. X2. X3, X4. XS. X6

COMIMON COUNT, FREQ
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COMMON EPSI. EPS2. EPSl. EPS4. EPSS, EPS6

COMMON QDOT. GEN, YI

COMMON TIMEO. TIME]

COMMON SOLAR, EARTH. RE, DIST, ALT, FE, FA, Ml

COMMON SOLARI, SOLAR2. SOLAR33, SOLAR4, SOLAR5, SOLAR6

COMMON EARTH I, EARTH-2, EARTH3, EARTH4. EARTHS, EARTH6

COMMON ALBEDI, ALBED2, ALBED3. ALBED4, ALBED5, ALBED6

COM70MON ABS I, ABS2, ABS3, ABS4, ABSS, ABS6

CO.MMNON SACI, SAC2. SAC3. SAC4, SACS, SAC6

COMMON SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI

COMMON P1, P2, P3, P4. P5, P6

IruJ.EQ. Ii).AND. (I.EQ.])) THEN

D(J) = T(I.J.K) + U2: (T(I.J.K-1) + T(I.J.K + 1) - 2' T~I,J,K)) +

U L;:tTSTA R I(I -r .J. K) - TSTA R1I(1.J,K))

& - %I:*(TA.MBI - TUIJ.K.) + %*6'(TA.MB6 - T(I.J.K)) + NVI +

& W6 + X1*(T(I.J.K)*- 4 - TAMBF":4) +

& W6(TD.JK~ TA-MB6":14) + YI *QDOT(I.J.K)

ELSE IF(((J.GT.1) .AND. (J.LT.N)) .AND. (J.EQ.1U) THEN

D(J) = T(1.J. K) + U 2 '(T(1.J, K -1) + T(J.J. K+ 1) - 2 T(1.J. K)) +

& U5 (TFSTA R I I.J,K) - TS TA R I ( 1..K)

& + V-6*(TAN1136 - T(l.J.K.) +- W6 +

& 6: (T(.J.KY-"*4 - TAM*vB6**4) + Y1'*QDOT(I.J,K)

ELSE IF((J.EQ.N .AND. (I.EQ.1)) THEN

D(J) =T(1.J.K) + U2*(T(IJ,K-l1) + T(i,J,K + 1) - 2*T(I,J,K)) +

& U5-*(TSTARI(! + 1,J,K) - TSTARl(1IJ,K))

& + V2*(TAMB2 - T(I.J.K)) + V6*(TAMB6 - T(l,J,K)) + WX2 +

& W6 + X2:N"T(I.J,K):-*4 - TAMB2**4) +

& X6*(T(I,J,KY**4 - TAMB6**4) + YI*QDOT(I,J,K)

ELSE IF((J.EQ.1).AND. ((I.GT.1) -AND. (I.LT.M))) THEN

D(J) = TiLJ.K) + U2":(T(I.J.K-I) + T(I.J,K+ 1) - 2'*T(I.J.K)) +



& FO-''(TSTARI(I-I.J,K) + TSTARI(I + 1,J,K) - 2*TSTARI(I.Jj.K))

& + %'P*(T.MBI - T(I.J.K)) + Wi +

X I *(T(IJ,K)*-:A - TAM'vB 1 -"4) + YP1 QDOT(I,J,K.

ELSE IF(((J.GT.1) .AND. (J.LT.N)) .AND. ((I.GT.1) .AND.

& (I.LT.M))) THEN

D(J) = T(I.J,K) + U2*(T(I,J,K-1) + T(IJ,K + 1) - 2*T(IJ,K)) +

& FO*(TSTARI(I-l,J,K) + TSTARI(I + 1,JK) - 2*TSTARl(I.J,K))

& + Y1*-QDOT(I,J,K)

ELSE IF((J.EQ.\) -AND. ((I.GT.l) .AND. (1.LT.M))) THEN

D(J) = TkI.J. K) + U2 't(T(l..,K- 1) + T(I.J. K + 1) - 2 TlJK)) +

& FO (TSTARI(1-1.J.K) + TSTAR1(I + 1,J.K) - 2*TSTARI(I.J.K))

& + \V:*>TANIB2 -T(1,J.Kl) + W2 +

&k X2 :(T(1.J.K)4 14 TAMB2**4i + YP*QDOT(I.J.K)

ELSE IF((J.EQ.1) .AND. (I.EQ.M)) THEN

DOJ) = T(.I..K) + L2 :'(T(I..K- 1) + T(l..T,K+ 1) -2*T(I,J.K)) +

IS U5' (TSTARl(I.1IJ.K) - TSTARI(1.J.K))

& + VI (TAMBI -T(IJ.K)) + N75-"(TAMB5 T(I.J.K)) + WVI+

6& W5 + Xl*(T(i.J,K)**4 - TAM\BI**4) +

& N( (1J.K~K -TA.MB5- 4) + )YPQDOT(1.J.K)

ELSE 11(((J.GT.1) .AND. (J.LT.N)) .AND. (I.EQ..M) THEN

D()= T(L.J.K) + LU2: (T(1.J.K- 1) + T(I.J,K + 1) - 2*T(I,J.K)) +

& U5-:kTSTARI(I-1,J,K) - TSTARl(i,J,K))

& + V5-'-(TAMB5 -T(I,J,K)) + W5 +

& X5*(T(I,J,K)**4 -TA-MB5**4) + Yi*QDOT(IJ,K)

ELSE

D(J) = T(I.J,K) + U2*g(T(I.J.K-1) + T(I,J,K+ 1) -2*T(I,J,K)) +

& U5*(TSTARI(I-1,J,K).- TSTARi(I,J,K))

& + \72*(TAMB2 - T(i.J.K)) + V5'(TANMB5 -T(1,J,K)) + W2 +

& WV5 -~ X2 (TlI...Kr:"4 -TAM'vB2**4) +
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& X5*(T(I.J.K)*:*4 - TAMB5**4) + YI*QDOT(I.J,K)

ENDIF

RETURN

END

* SUBROUTINE YANK3

SUBROUTINE YANK3

DIMENSION A( 30). B( 30). C( 30). D( 30), TEMP( 30)
DIMENSION BEI ( 30). GAMMA( 30). QDOT( 30. 30, 30)

DIMENSION T( 30. 30. 30). TSTARI( 30, 30, 30)

DIMENSION TSTAR2k 30. 30. 30)

REAL TINIT. TSTAR1. TSTAR2, T. TEMP

REAL CP. KI, RHO. R. RI. R2. TIME, DELT

REAL LX. LY. LZ. DELX. DELY. DELZ

REAL A. B, C, D. BETA. GAMMA.

REAL FLUXI. FLUX2. FLUX3. FLUX4. FLUXS. FLUX6

REAL TAYIBI, TAMB2. TAN1B3, TAMB4. TAMB5. TA*IB6

REAL HI. 1-12, 113. 114. I-15. -16

REAL BIOI, B102. B103. B104, BIOS. BIO6

REAL SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

REAL UI. U2, US, U4. U5

REAL VI, V2, V3, V4, V5, V6

REAL WI, W2, W3, W4. WS, W6

REAL XI, X2. X3. X4, X5. X6

REAL EPSI, EPS2, EPS3. EPS4, EPS5, EPS6

REAL QDOT, GEN, YI

REAL CTIME, TIMEO, TIMEI

REAL SOLAR. EARTH. ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLAR], SOLAR2. SOLAR3. SOLAR4, SOLAR5, SOLAR6
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REAL EARTHI. EARTH2. EARTHS, EARTH4, EARTHS, EARTH6

REAL ALBEDI. ALBED2. ALBED3, ALBED4, ALBED5, ALBED6

REAL ABS 1, ABS2, ABS3. ABS.4. ABSS5. ABS6

REAL SACI, SAC2. SAC33, SAC4. SACS, SAC6

REAL SUN, ECLIPS, QI. Q2, Q3, PERIOD, PI

REAL PI, P2l, P3, P4, P5, P6

INTEGER 1, J, K. M, N, P, IF, L, IFPI, LAST, G, Q
INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP. KI. RIIO. R. RI. R2, TIME. DELT

COMMON LX. LY. LZ. DELX. DELY, DELZ

COMMON I. J. K.. M. N. P, IF, L, IFP1, LAST

COMMNON A. B. C, D. BETA. GAMMA. G, Q
COMMON FLUX 1. FLUX2. FLUNS. FLUX4. FLUNS, FLLX6

COMMNON TAMIBI. TAM B2. TAMB3, T.,%NvB4, TAMB5, TAMB16

COMMON Hi1. 112. 1-13. 1-1.4. 1-15, H16

COMM.NON 13101.910I2. 13IOS. B3104. B105, B106

COMMON SIr~l. SIG2. SIGS1. SIG4. SIG5, S1G6

COM'MON l. U2. L-3, U4. U-5

COMMI'\ON VI. V2. S V.4. VS5. NV6

COMMON WI. W2. W3, W4, W-5. N%6

COMMON X1. X2. X3. X4. X5. X6

COMMON COUNT. FREQ

CO.MMON EPSI, EPS2. EPS3, EPS4. EPSS. EPS6

COMMON QDOT, GEN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR, EARTH. RE, DIST, ALT, FE, FA, MU

CO.MMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6

COMMON EARTHL1 EARTH2. EARTHS, EARTH4, EARTHS, EARTH6

COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

COMMON ABSi. ABS2. ABS3. ABS4, ABSS, ABS6

COMMON SAC 1. SAC2. SACS, SAC4. SACS5. SAC6
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COMMON SUN. ECLIPS. QI, Q2, Q3, PERIOD. P1

COMMION P1, P2. P3. P4. P5, P6

IF((J.EQ.1) .AN\D. (l.EQ 1)) THEN

D(J) = T(I.J,K) + U4*(T(I.J,K-1) - T(1,J,K)) +

& U5--(TSTARI(I + 1,J,K) - TSTAR1(I,J,K)) +

& VI*:(TA.MBI - T(I,J,K)) + V4*(TAMB4 -T(I,J,K)) +

& V6--(TAMB6 - T(I,J,K)) + XV1 + W4 + W6 +

& XI*(T(I,J.K)-**4 - TAMBI1 4) +

& X4*:(T(I.J,K)**4 - TAMB4*1":4) +

&X6-"(T(I.i.KYV'4 - TAMB6*"4) + N71 "QDOT(I.J,K)

ELSE IF(Q(J.GT.I) .AND. (J.LT.N)) .AND. (1.EQ.I)) THEN

DO) = T(I.i.K) + U4*-(T(1.J.K-1) - T(J.J,K)) +

& L 5 *f TSTA RI(I + I.i. K) - TSTA R I(1,J. K)) +

& \V4: -AMB114 - T(I.J.K)) + \'6*(TFA.B6 - T1..J,K)) + W4 +

& W6 + X4'*(T(I.J.K)'-. 4 - TAMB4'*'A)+

& X6*(T( UJ.K r"*-4 - TAM1B6 '"4) + Y1 *QDOT( I.J.K)

ELSE IF((J.EQ.N) -AND. (I.EQ.1)) THEN

D(J) = T(WJ.K) + LA-- (T(I.J. K-I) - T(I.J.K)) +

& US---(TSTAR1(1 + .J.K) -TSTAR1(1.i.K))+

& V2'-(TAMB2 - T(I.JK)) + \-4---(TA\IB4 - T(I.J.K)) +

&k %V6--(TA.\B6 - T(I.J.K)n + W2 + 'W4 + W6 +

& X2*(T(I.J.C -)"4 - TA.NB2* 4~:) +

& X4!'(T(I,J,K)*--4 - TAMB4*-4) +

& X6--(T(1.J.Kj**4 - TAMB6**4) + Y1*QDOT(1,J,K)

ELSE IF((J.EQ.1) .AND. ((1.GT.1) .AND. (I.LT.M))) THEN

D(J) = T(I,J,K) + U4*(T(I,J.K-I) - T(I,J,K)) +

& FO*(TSTARI(I-1,J,K) + TSTARI(I + 1,J,K) - 2*TSTARI(I,JK))

& + VIJN TANIBI - T-(I,J.K)) + V4*(TAN1B4 - T(I.J,K)) + NVI +

& %V4 + X12 (T(I.J.K)'t*4 - TAMBV-.,l4) +
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& X4T(I..Kp:4 -TAMB'~4) '1*QDOT(IJK)

ELSE IFk U(J.GT.li .A-ND. (J.LT.N)) .AND. (t(I.GT.I).AND.
&, (I.LT-.NM) THEN

D(J) = T(I.J,K) + U4*(T(I,J,K-I1) - T(I,J,K)) +

& FO*(TSTARI(I-I.J.K) + TSTAR1(I + 1,J,K) - 2*TSTAR1(I.J,K))

& + X4:(\B4-T(I,J.K)) + WV4 +

& X4*(T(I,J.KW*:4 - TAMB4----4) + N-1*QDOT(I,J,K)

ELSE IF((J.EQ.N).AND. ((I.GT.1) .AND. (I.LT.M))) THEN
D()= T(I.J.K) + -*(T(IJ.K-1) - T(I.J,,K)) +

&FO*(rSTARI(I-U..Ky +- TSTARI(I + 1J.K) - 2*TSTAR1(I.J.K))

& , V2"(TANIB2 - T(1.J.K)) - 4%"(TA\1B4 - T(I.J,K)) + W2+
&V- +4 X2-(T(1.J.K)*--:A - TA.MB2"4) +

& X4TIJK~4-TAMB-;-4:4 ± Yl:QDOT I.j,K,)

ELSE 1F4(.EQ1) -AND. (I.EQ.MP) THEN

D)= T(I.J.K) - U4: (T(I.J.K-) -T(I.J.K)) +

& U5' (TSTARl(-J.K) - T-STARI(l.J.Kr) +

&Vl::'TANBI - TI1lJ.K)) + \4*:(T1 \\!B4 - T(I,J.K')) +

& \5.:(FAM\B5 -T(I.J Kn +~ WI +- W4 + W5 +

& XIl:}Tu.J.Kr:*4 - T.\M -4) +

& 4:((IJK. - TAMB-1'::z4) +

& X5*iT(IJ..Ky: *4 - TAMB5*! 4) - VIQDOT(I.i,K)

ELSE IFU((J.GT.I) .AND. (J.LT.N)).AND. (I.EQ.M)) THEN

D(J) = T(I,J.K) -+ U4----(T(I,i,K-1) -T(I,J,K)) +

& U5*(TSTARI(I-I,J,K) - TSTARI(IJ,K)) +

& X74*(TAMB4 - T(I.J.K)) + V5*(TAMB5 - T(I,J,K)) + W4 +

& W5 + X4*(T(I.J,Ky:*4 - TAMB-*4) +

& X5*(T(I.J.K)*--4 - TAMB5e-4) + YI*'QDOT(IJ,K)

ELSE

D'J) = T(I.J.K) U41 TIlJ,K-I) - T(1.J,K)) +
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&U5*(TSTARI(I-l.J.K) - TST.-RI(I.J.K0) +

& V2--(TA.\B2 - TI'k.J.K)) + V41(TAMB4 - T(1.J.K))+

& V5"(TANIB5 - T(I.J,K)) + W2 + "74 +~ W5' +

&2-((IJ. )"'' - TAMB2--':4) +

& X4:'(T(IJ.Kr"*4 - TAMNB4-4*4) +

& X5:*(T(1,J.K)-*4 - TAM-vB5*:'-4) + YI*QDOT(I.J,K)

ENDIF

RETU RN

END

et.. ...., et"-~ . t " t:t:I ! t7 "

SUBROUTINES ZULUI. ZLU2. AND ZULUS-' COM)YPUTE COEFFICIENT

ARRAY D IN THE Z DIRECTION

SUBROUTINE ZULU I

SUBROL FINE ZU'LU I

DlIENSION 'A( 30). B( 30). CQ 301). D( 30), TEMP( 30.)

DIMENSION BETA( 30). CAM M.%A( 30), QDOT( 30, 30, 30)

DI\MENSION T( 30, 30. 301. TSTARI( YO. 10. 30)

DIMENSION TSTAR2'(( 30, 30. 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI. RHO, R. RI, R2, TIME, DELT

REAL LX. LY, LZ, DELX, DELY, DELZ

REAL A, B, C. D, BETA, GAMMA

REAL FLUXI. FLUX2. FLUX3, FLUX4, FLUX5. FLUX6

REAL TAMBI, TAMB2. TAMB3, TAMB4, TAMB5, TAMB6

REAL HI1. 1-12, 1-13. H4, H5, H-6
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REAL BIOI, BIO2. BIO3, BIO4. BIOS, B106

REAL SIGI. SIG2, SIG3. SIG4, SIGS, SIG6

REAL UI, U2, U3. U4. US

REAL VI, NV2. V. V4. V5, V6

REAL. WI, W2, W3, W4, W5, W6

REAL XI, X2, X3, X4. X5, X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEN, YI

REAL CTIME, TIMEO, TIME1

REAL SOLAR, EARTH. ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3. SOLAR4, SOLAR5, SOLAR6

REAL EARTHI. EARTH2. EARTH3, EARTH4. EARTH5. EARTH6

REAL ALBEDI. ALBED2. ALBED3. ALBED4, ALBEDS, ALBED6

REAL ABSI. ABS2. ABSS, ABS4. ABS5, ABS6

REAL SAC1. SAC2. SACS. SAC4. SACS. SAC6

REAL SUN. ECLIPS, QI. Q2. Q3. PERIOD. PI

REAL P1, P2. P3. P4. P5. P6

INTEGER I. J. K. M. N. P. IF. L, IFPI. LAST, G, Q

INTEGER COUNT. FREQ. ANSI. ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T. TEMP

COIMON CP, KI, RHO. R. RI, R2, TIME, DELT

COI.ION LX. LY, LZ. DELX. DELY, DELZ

COMMON I, J. K. M, N. P. IF. L. IFPI, LAST

COMMON A, B. C, D, BETA, GAMMA, G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6

COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

COMMON HI, H2, H3, H4, HS, H6

COMMON BIOI. B102, BIO3, B104, BIOS, B106

COMMON SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

COMMON Ul, U2, U3, U4. US

COMMON VI. V2. V3, V4. V5. V6

COMMON WI. W2, W3. W4, WS. W6
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COMMON XI. X?. X3. X4. X5, X6

c O'M~MON CONr. F RE Q

COMMON EPSI. EPS2. EPS3, EPS4. EPS5, EPS6
CO.MMON QDOT. GEN. YI

COMMON TIMEO, TIMEl

COMMON SOLAR, EARTH. RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2. SOLAR3, SOLAR4, SOLAR5, SOLAR6

COMMNON EARTH 1, EARTH-2, EARTH3, EARTH4, EARTHS, EARTH6

COMMON ALBEDI, ALBED2. ALBED3, ALBED4, ALBEDS5, ALBED6

COMMON ABS 1, ABS2, ABS3, ABS4, ABS5, ABS6
COM'\MON SACI, SAC2. SAC3. SAC4, SACS, SAC6

COMMOIN1N SUN, ECLIPS. Qi. Q2, Q3, PERIOD, PI

COMMON P1. P2. P3. P4. P5-, P6

IF((K.EQ.1 .AN\D. (I.EQ.In) THEN

D(K) = TSTAR2(I.J.K) -U3*'(FSTA 1R(1J+ I.K) - TSTAR2(I.J.K)) +

& US'T STAR1IO + I.J,K) - TSTAR1(I.J,K)) 4-

& Nl1l*(TAMNIB1 - TSTAR2(.J.Ki) + NV3'(TANIB3 - TSTAR2(I,J.K)i

S' - V6-"(TANMB6 - TSTAR2(I.J.K)) + NVI + W3 + WV6±

& XI: (TSTAR2UI.J.KV*--' - TAMB.*s:4) +
& X3 (TSTAR2(I.J.K)**4 -TAMB3::'4) +

& X6::(TSTAR2-(I.J.K *--- - TAMB6**:4) + Y1 *QDOT(1 J.K)

ELSE IF(((K.GT.I) .AN-D. (K.LT.P) .AN\D. (I.EQ.1)) THEN

D(K) = TSTAR2(I.J.K) - U' -Y(TSTAR2(I.J + 1.K) - TSTAR2(I.J.K)) +

& U5'--(TST-ARI(1 + 1,J,K) - TSTAR1(I.JK)) +

& N71*(TAMBI - TSTAR2(1,J,K)) + V6*(TAMB6 - TSTAR2(T,J,K))

& ~- WI + W6 + Xl*(TSTAR2(14,K)**~4 - TA.MB1**4) +

& X6*(TSTAR2(I,J,K)**4 - TAMB6**,4) + Y1*QDOT(I,J,K)

ELSE IF((K.EQ.P).AN-D. (I.EQ.I)) THEN

D(K) =TSTAR2(I.J,K) + U3'*(TSTAR2(I,J + 1,K) - TSTAR2(I,J,K)) +

& U5*(TSTARI(I + 1.J,K) - TSTARI(I,J,K)) +J

& N-1(TAMBI - TSTAR2(I,K)) + V4*(TAMB4 - TSTAR2.I..K))
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& + V6*TANIB6 - TSTAR2(l.J.K)) + WVI + W4 + WN6 +

& Xl*(TSTAR(I.J.K)**~:4 - TAMNB1**4) +

& X4*(TSTAR2(1.J.K)-*-4 - TAMNB4**4) +

& X6:*(TSTAR2(l.J.K)**4 - TA.NB6~"*4) + Y1' QDOT(I.J,K)

ELSE IF((K.EQ.1) .AN\D. ((I.GT.1).AND. (I.LT.M))) THEN

D(K) = TSTAR2(I.J.K) + U3*(TSTAR2(,J +1,K) -TSTAR21(l,JK)) +

& FO*(TST.-5' I(I-1.J,K) + TSTARI(I + I.J,K) - 2*TSTARI(I,JK))

& +4 VlP*(TAMNB1 - TSTAR2-'I.J,K)) +

& X.3*:(TA.\4B" - TSTAR2(l.J.K)) + NV! + WN3 +

&Xl1NTSTAR2tIi.K)*-:4 - TAMvBl**4, +

&X3-:*(TSTAR2t 1.J.K '*'"4 - TAM.NB3**4J + Y'I*QDOT(IJ.K)

ELSE IE-(UK.GT.1) -AND. (K.LT.P)) -AND. ((I.GT.1) .AND.

&(I.LT.Ni)n THEN

D, K) = TSTAR2Ii.J.K) + U3*(TSTAR2(,J + .K) -TSTAR2I(I.J.K)) +

0 1FO:(TSTARI(I-1.J.K) + TSTARI(I + 1.J.K) - 2*TSTARI(I.J.K))

& - \1::T\\113 - TSTAR2'(I,J.K)) + WVI +

& XISTA~i..K)A -TANIBP.: ,41 + YI ,tQDOT(1.J.K)

ELSE IF(~K EQ.Pi -AND. ((I.G-F.I).AND. (I.LT.M))) THEN

D(K) = TSTAR2Ul.J.K) - L3-(TFSTA\RiJ + 1.K) - TSTAR2(I.J,K)) +

& rO::(TST ARI( l-1.J.K) + TSTARI(I + 1,J.K) - 2--'TSTAR1(I.J.K.)

& - VtTA B - TSTIAR2(IJ.K)) +

& V4:JT\B4 - T-STAR2(,1.J.K)) + Wi7 + WV4 +

& X1'(TSTAR2I1J.K- t:*4 - TAMBI*:*4) +

& X4*(TSTAR2(1,JK);';4 - TAMB4**4) + YI*QDOT(I,J,K)

ELSE IF((K.EQ.I) .AND. (I.EQ.M)) THEN

D(K) = TSTAR2(l.J,K) + U3"'(TSTAR2(I,J + 1,K) - TSTAR2(1.J,K)) +

& U5---(TSTARI(I-I.J,K) - TSTAR1(I,J,K)) +

& VI*-(TAMBI - TSTAR2(I,J,K)) + V3*(TAMB3 -TSTAR2(I,J,K))

& + V5*(TAMB5 - TSTAR2(I.J,K)) + Wi + WV3 + WS' +

& XI::(TSTAR2(.J.Kyv-*4 - TA.\BI*4) +

167



I& X3*(TSTA-R2(I.J.KY?-"4 - TAMB3**4.) +

& X5*NTSTAR2(IJ.K)*:4 - TAMB5**:) + 1QDT.J)

ELSE IF(((K.GT.I) .AND. (K.LT.P)) .AN-D. (I.EQ.M)) THEN

D(K) = TSTAR2(l.J.K) + U3*(TSTAR2(1,J + 1,K) - TSTAR2(I,J,K)) +

& U-5*(TSTARhIl-l,J.K) - TSTAR1(I,J.K)) +

& N'1'*(TAMBI - TSTFAR2(I.J,K)) + V5*(TA.MB5 - TSTAR2(I,J.K))

& -;- \Vl + W5 + Xl*(TSTAR2(1,J,K)**4 -TAMB1**-4) +

& X5*(TSTAR2(1,J,K)**4 -TAMB5--*4) + Yl *QDOT(I,J,K)

ELSE

D(K) = TSTAR2kl.J.K) +- 1j3**TSTAR2I,J+I1,K) - TSTAR"(I.J.K)1 +

&U5> TsTARl(I-.J.K)I - TSTAR1(I,J,K)) +

& VV"J(ANIBI - TSTAR2(I.J.K)) + Nr4:(TAMB4 - TSTAR2(1,J.K))

& +V5' (TAMB513- - TSTAR2(I.J.K)) + WI1 + NN4 + W5 +

& XI:-(TST.-R2(.I.JKy-'-4 - TA.\,BI'-"4) +

& X(STR(J.)4-TAM\BX4'*4-) +

& 5-"(TSTAR2( IJ.K~; TAM BP'4) + YU*QDOT(l.J.K)

ENDIF

RETURN

END

SUBROUTINE ZULU2

SUBROUTINE ZULU2

DIMENSION A( 30). B( 30), C( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30), GAM4MA( 30), QDOT( 30. 30, 30)

DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)

DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT. TSTAR1, TSTAR2. T. TEMP
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REAL CP. KI, RHO. R. RI. R2. TIME. DELT

REAL LX. LY, LZ. DELX. DELY, DELZ

REAL A. B, C, D. BETA. GAMMA

REAL FLUXI. FLUX2. FLUX3, FLLX4. FLUXS. FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

REAL Hi, H2. H3. H4, H5, H6

REAL BIOI, B102, B103, B104, BIO5, B106

REAL SIGI. SIG2, SIG3, SIG4, SIGS, SIG6

REAL UI, U2. U3, U4, U5

REAL VI, V2. V3, V4, V5. V6

REAL WI, W2, W3. W4, W5. W6

REAL XI. X2. X3. X4, XS, X6

REAL EPSI. EPS2. EPS3. EPS4, EPS5, EPS6

REAL QDOT, GEN. YI

REAL CTIME. TIMEO. TIME]

REAL SOLAR. EARTH. ALBCO, RE, DIST. ALT. FE, FA. MU

REAL SOLAR1. SOLAR2. SOLAR3. SOLAR4, SOLAR5. SOLAR6

REAL EARTH1. EART-12. EARTH 3, EARTH4. EARTH;. EARTH6

REAL ALBEDI. ALBED2. ALBED3. ALBED... ALBEDS, ALBED6

REAL ABSI. ABS2. ABS3. ABS4, ABS5. ABS6

REAL SAC1, SAC-. SAC3, SAC4, SAC5, SAC6

REAL SUN. ECLIPS. QI. Q2. Q3, PERIOD, PI

REAL P1. P2. P3. F4. P5, P6

INTEGER I. J. K..\I. N. P. IF, L, IFPI. LAST. G, Q

INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, KI, RHO, R, Ri, R2. TIME, DELT

COMMON LX, LY, LZ, DELX, DELY, DELZ

COMMON I, J, K, M, N. P. IF, L, IFPI, LAST

COMMON A, B, C, D, BETA, GAMMA, G, Q

COMMON FLUXI. FLUX2. FLUX3, FLUX4, FLUX5, FLUX6

COMMON TAMBI. TAMB2, TAMB3, TAMB4, TAMBS. TAMB6
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COMMON iIl. 112. 113. 1-14. H5. H-6

CO-M\ON1BI01, B102, B1O3, BIO4. 13IOS. B106

COMMNON SIGI. SIG2, SIG3, SIG4, SIGS5. SIG6

COMNION U), U2, U3. U4. U5

COMMON VI, V2, V3, V4. V5. V6

COMMON WVI, NV2, NV3, N4, W5, WV6

COMMNON Xl, X2. X3. X-4, X5. X6

COMMON COUNT. FREQ

COMIMON EPSI. EPS2. EPS3, EPSA. EPS5, EPS6

COMMON QDOT. GEN, Y1
COMMON TIMEO, TIME]

COMMON SOLAR, EARTH. RE. DIST, ALT. FE. FA. %IU

COMMNON SOLARI. SOLAR2. SOLAR3. SOLAR4. SOLARS5. SOLAR6

COMMNON EA-RTH]. EA RTJ 12. EARTI-3. EARTH4. EARTHS, EA RTI-6

COMMNON ALBEDI. ALUED2. ALBEDS'. ALBED4, ALBEDS5. ALBED6

COMMON ABS I. ABS2. ABS3. ABS4. ABSS. ABS6

COMMON SACI. SAC2. SACS. SAC-4. SACS5. SAC6

COM:\ION SUN. ECLIPS. QI. Q2. Q3, PERIOD. PI

COM1MON PI. P2. P-1. P-4. P5. P16

M(.K.EQ.I) .AND. (1.EQ.1 n THEN

D(K) = TSTA R20J. K) - U I :(TsTA R2(I.J -1,K) + TSTA R2(1.J + 1. K) -

& 2*TSTAR2Il.J.Kn) U5'(TsTARI(!± +1.J.K, - TSTA R1(1.J.K ,'

& +- NV(TAN-IB33 - TSTAR2(I.J,K)) +

& V76:(AN1B6 - TSTAR2(I.J.K)) + NNV3 + WV6 +

& XS'"(TSTAR2(Ii.K)- 4 - TAMB13::*4) +

& X6*(TSTAR2(I.J,K):;:4 - TAMB6**4) + Y1 *QDOT(IJK)

ELSE IF(((K.GT.1)..AN\D. (K.LT.P)) .AND. (I.EQ.I)) TH-EN

D(K) =TSTAR2(I,J,K) + Ul*(TSTAR2(I,J-1,K) + TSTAR2(,J+l1,K) -

& 2*TSTAR2(I.J,K)) + U5'*(TSTARI(1 + 1,J,K).- TSTARI(I.J,K))

& + V6' (TAMB6 - TSTAR2(I,J,K)) + W6 +

& X6*(TSTAR2( IJK)*'*4 - TAMB6**4) + YI *QDOT(1 ,J.K)

170



ELSE IF((K.EQ.P) .AND. (I.EQ.I)) THEN

D()= TSTAR2Ul.J.K) + U 1'-(TSTAR2(I.J-1,K) + TSTAR2'(I.J + 1,K) -

& 2-)TSTAR2(..J.K1) + 5(TSTARI1(1+ 1.J,K) - TSTARI(1.J.Kfl

& + NV4*(TAMB4- TSTAR2(1,JK)) +

& V6*(TAMB6 - TSTAR-2(I,J,K)) + W4 + W6 +

& X4"-(TSTAR2(.J.K)*;4 - TAMB4**4) +

& X6*(TSTAR2(1,J.Kf**4 - TAMB6**4) + YP*QDOT(l,J,K)

ELSE IF((K.EQ.1) .AND. ((I.GT.1) -AND. (I.LT.M))) THEN

D(K) = TSTAR2(I,J,K) + U1N(TSTAR2(I,J-I,K) + TSTAR2(,J+ 1,K) -

& 2*-TSTAR2-(I.J.K)) + FO*(TSTAR1(l-l.J.K) + TSTARI(I + I.J.K?

& - 2%--STARI(I.J.K)) 4- \'3"(TAMB'3 - TSTAR2(I.J,K)) +

& NN73 + X'*TSTAR2I.JK)*- 4 - TAMB'*"4) +

& Y1: QDOT(U~.K)

ELSE IF(((K.GT.1l AND. (,K.LT.P)).AND. ((I.GT.1) .AND.

&(I.LT.%M))) THEN

D(K) = TSTAR2,(I.J.K) - LI(TSTAR2(I.J-1.K) + TSTAR2(1,J+ 1.K) -

& 2: -TSTAR2(I.J.K n - FO*(TSTA RI(I-I.i,K) + TSTAR1(I +4 I.J.K)

S& - 2:!TSTAR1(1.J.Kn) YP--QDOT(1,J.K)

ELSE IF((K.EQ.P) .AND. ((l.~l.AND. (I.LT.M))) THEN

D(K) = TSTAR2(I,J.K) -LUI (TSTAR2(I1,.K) + TSTAR2(I.J + 1.K)

& 2 *TSTAR201J.K)) -L i-0(isTAR1(I-l.J.K, + TSTARI(I + .JKl

& - 2TSTA-R1(I.J,K)) - %'41:(TAMB4 - TSTAR2(I.J.K)) +

& W4 + X4---(TSTAR2(1.J.K)**4 - TAMB4**4) + Y1*QDOT(I,J,K)

ELSE IF((K.EQ.1. .AND. (I.EQ.M)) THEN

D(K) = TSTAR2(I,J,K) + U1"-(TSTAR2(I,J-1,K) + TSTAR2(1,J+ 1,K) -

& 2*TSTAR2(I.JK)) + U5*(TSTARI(I-I,J,K) - TSTARI(1,J,K))

& + V3"(TAMB3 - TSTAR2(I.J,K)) +

& V%5'*(TAMB5 - TSTAR2(1,JK)) + WV3 + W5 +

& XY NTSTA.72(I.J.KY"-'4 - TAMB3**:4) +
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& Xl5:'(TSTAR2(iJ.K )*4 - TAMB5**4) + Yl *QDOT(j .J.K)

ELSE IF(((K.GT.I).AND. (K.LT.P)) .AND. (I.E.Q.Mv)) THEN

D(K) = TSTAR2(I.J.K) + U I *(TSTAR2(1,J- 1,K) + TSTAR2(IJ+lIS) -

& 2*TSTAR2(I,J,K)) + U5*(TSTARl(I-l,J,K) - TSTARI(IJ,K))

& + V5*(T.-MB5 - TSTAR2(IJ,K)) + W5 +

& X5*(TSTAR2(I,J,KWA* - TAMB5**4, + YlI*QDOT(I,J.K)

ELSE

D(K) = TSTAR2(l.J.K) + Ul*(TSTAR2(I,JIl,K) + TSTAR2(,J+lI,K)

& 2*TSTAR2(I.J.K)) + U5'*(TSTARl(I-1,J,K) - TSTARl(I.J.K))

& + V4:-(T,-\B4 - TSTAR2(I.J,K)) +

& N'5*(TAM135 - TSTAR2(I,J.K)) + W4 + WS5 +

& X4:-(TSTAR2(I.J.KWA * - TAMB4:":4) +

& X:(SR2IiK; 4- TAMB_5*'t4) + YVIQDOT(I.J.K)

ENDIF

RETU RN

E ND

SUBROUTINE ZLL3

SUBROUTINE ZULU3

DEIENSION A( 30). B( 30), C( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30). GAMMA( 30), QDOT( 30, 30, 30)

DIMENSION T( 30, 30. 30), TSTARI( 30, 30, 30)

DIMENSION TSTAR2( 30, 30. 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI. RHO, R, RI, R2, TIME, DELT

REAL LX, LY. LZ, DELX. DELY, DELZ

REAL A, B. C. D. BETA. GAMIMA
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REAL FLUX 1. FLUX2. FLUX3. FLUX4. FLUX5, FLUX6

REAL TAMBI. TAMB2. TAM BS. TAMB4. TAMB5, TAM\B6

REAL HI. 112. H13. [-14, H5. H-6

REAL BIOl. B102. B103. BIO-4. BIO5, B106

REAL SIGI, SIG2, SIG3, SIG4, SIG5, SIG6

REAL Ul. U2. U3, L-4, U5

REAL VI, V2 , V3. V4. V5. V6

REAL WVI, WN2, W3, WV.4, W-', WN6

REAL XI. X2. X3, X4. X-5. X6

REAL EPSI, EPS2. EPSS., EPS4, EPS5, EPS6

REAL QDOT. GEN, Y1

REAL CTIME. TIMEO. TIME I

REAL SOLAR. EARTH. ALBCO. RE, DIST, ALT, FE, FA,.\MU

REAL SOLARI. SOLAR2. SOLAR3. SOLAR4. SOLARS5. SOLAR6

REAL EARTHI. LARTI-12. EARTHS), EARTI 14. EART11S. EARTH6

REAL ALBEDI. ALBED2. ALBED3. ALBED4, ALBED5. ALBED6

REAL ABS I. A3S2. ABSS., ABS-4. ABS5. ABS6

REAL SAC 1. SAC2. SACS. SAC4. SACS5. SAC6

REAL SUN. [CLIPS. QI. Q2. 01. PERIOD. PI

REAL P1. P2. P3. P4I. P5. P6

INTEGLR L..1, K. NI. N. P. IF. L. IFPl, LAST. G, Q
INTEGER COUNT. [_REQ..ANSl, .. NS2. ANSS. VAL, NOUT

COMM~vON TINIT. TSTAR]. TSTAR2, T. TEMIP

COMMI.VON 'CP, KI, RH]O. R, RI. R2. TIME, DELT

COMMON LX. LY. LZ, DELX. DELY, DELZ

COM MON 1, J, K. vI. N. P. I F, L, I FP 1, LAST

COMMON A, B. C, D, BETA, GAMMA, G, Q
COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

COMMON TAMIBI, TAMB412, TAMB3, TAMB4, TAMB5, TAMB6

CO.MMON [11, [H2, [13. H4, 1-15, H-6

COMMON BIO], B102. BIOS. B1O04. B1O5, BI06

COMM.\ON SIGI. S1G2. SIG3, SIG4, 5105, SIG6
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COM-4MON Ul. U2. U-3 ,U4, U5

CO-MMON VI. %72, V3, V4. V5, V6

CO.MMONNWI. W'.. W3, NNI4, W5, W6

COMM\~vON\ X1. X2, X3. X4. X5. X6

CO.MMON COUNT, FREQ

COMMON EPSI. EPS2, EPS3, EPS4, EPS5, EPS6

COMMON QDOT, GEN, YI

COMMON TIMEO, TIME 1

COMMON SOLAR. EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLAR5, SOLAR6

COMMON EARTH 1, EARTH2, EARTH3, EARTH4, EARTH5, EARTH6

COMMON ALBEDI. ALBED2. ALI3ED3, ALBED4, ALBED5. ALBED6

COMMON ABS I, ABS2. ABS3, ABS4, ABSS5, ABS6

COMMON SAC 1. SAC2. SAC3. SAC4, SACS, SAC6

COMMI'\ON SUN. ECLIPS, Qi. Q2, Q-), PERIOD. PI

COMMON P1. P2. P3. P4. P5. P6

IF((K.EQ.I .AND. (I.EQ.I)) THEN

D(K = TSTAR2(U.J.K) + US'::(TSTAR2-(I.J-I.KI - TSTAR2JIJ.K)) +

& US' (TSTA~RIlI-1. J,K) - TSTARI(I.J.Kri +

& V2*(TAMB2 - TSTAR2(l.J.K)) + V3'(TAN1B - TSTAR2(l.J.K)l

& +i NV '\N6 - TSTAR.2(I.JK)) + W2 + W') + W6 +

S& X2*(TSTAR2(.J.K.)*4 - TAMB2*,'4) +

& NP(TSTAR2(I.J.K)*--4 - TAMB-): 4)+

& X6:--(TSTAR2( I.J.K Y*-*-4 - TAMB6::44) + YVI 'QDOT(IJ.K)

ELSE JF(((K.GT.I) .AND. (K.LT.P)) .AN-D. (I.EQ.I)) THEN

D(K) = TSTAR2(I,J,K) + U3*(TSTAR2(1,J-1,K) - TSTAR2(I,J,K)) +

&U54(TSTAR1(I + 1,J,K) - TST ARl(I,J,K)) +

& V2*(TAMB2 - TSTAR2.(I,i.K)) + V6*(TAMB6 - TSTAR2(1,J,K))

& + W2 + W6 + X2*(TSTAR2(I,J,K)**4 - TAMB2**4) +

& X6-(TSTAR2(1,J,K)**4 - TAMB6*--4) + N'I*QDOT(I,J,K)

ELSE IF((K.EQ.P) .AND. (I.EQ.l)) THEN
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D K) = TSTAR2(I.J.K) + U3-: (TSTAR2(I.J-I.K) - TSTAR2(1,J.K)) +

&L:*(TSTARI(I + I.JK) - TSTAR1(I.J.K)) +

& \V2:-(TA.\B2 - TSTAR2hI,J.K)) + V4*(TAMB-1 - TSTAR2(I.J,K))

& + %V6'JAMB6 - TSTAR2(I.J.K)) + WV2 + NV4 + WX6 +

& X2--(TSTAR2(1,J,K)**4 - TAMB2-**4) +

& X4*:(TSTAR2(,J,K)"*4 - TAMB4**4) +

& X6*--(TSTAR2(I.J.K)**4 - TAMB6**4) + Y1*'QDOT(I,J,K)

ELSE IF((K.EQ.l) .AN\D. ((l.GT.I) .AND. (l.LT.Mv))) THEN

D(K) = TSTAR1 kI.JK) + U3*-(TSTAR2(I.J-I,K) - TSTAR2(I,J.K)) +

& FO -(TSTAR1(I + I.J.K) + TSTAR1(1-1,J,K) - 2*TSTAR1(I.J,K))

& -- V~AB TSTAR2(I,J,K)) +

& V3' (T\'1B3 - TS-1AR2(IJ..K)) + NV2 + NN" +

& X2'"(TSTFAR2J.J.KY* 4 - TAMB2*:'-'4) +

& X3r*(TSTAR2kl.J.Ks:-:4 - TANIB3'"l: 1) + Yl*QDOT(I.J.K)

ELSE IF(((K.GT.1l AND. (K.LT.P)) .AND. ((1.GT.I) .A\D.

& (I.LT.Nl) THEN

D()= TSTAR2(1.J.K) -;- L-3'(TSTAR2(.J-I.K) - TSTAR2(l.J,Kfl +

&FO:(TSTAR(-4 +1.J.K) + TSTARI(I-1.J.K) - 2"TSTAR1(I.J.K))

& +r N\Y(TAIB2 - TSTAR2 I.J.K)) + WV2 +

S& X2>(TSTAR2(].J.K)y'--4 - TAM\B2---4) + Y1*QDOT(I.J,.K)

ELSE IFl,(K.EQ.P .AND. ((I.GT.1) .A\D. (I.LT.M\))) THEN

D()= TFSI'\R2(l.J.K) + L'(TSTA\R2 (1.J-,K) - TSTAR2(I.JK)) +

& FO:-jSrARI(I- 1,lK) + TSTAR1(I-I.J,K) - 2"*TSTARI(I,J,K))

& + NV2-(TAMB2 - TSTAR2(I.J,K)) +

& V4N(TAMB4 - TSTAR2(I,J,K)) + W2 + W4 +

& X2*(TSTAR2(l.J.K)*:A4 - TAMB2**4) +

& X4*(TSTAR2(I,J,K)**:A - TAMB4**4) + YI*QDOT(I,J,K)

ELSE lF((K.EQ.1) .AND. (J.EQ..M)) THEN

D(K) = TSTAR2(1.J,K) + U3*(TrSTAR2(1,J-1,K) - TSTAR2(1.J.K)) +

I& U5- (TSTARI(l-l.J.K) - TSTARI(I.J,K)) +
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& NV2*:(TAMvB2 - TSTAR2(I.J.K)) + V3*:(TAMB3 -TSTAR2(1,J,K))
1& V5*~(TAM135 - TSTAR2(I.J,K)) + W2I + WV3 + W5 +

& X2:(TSTAR2(l.J.K<-":'-4 - TAMB2**4) +

& X3-(TSTA, R-Ik,.K)---4 - TAMB-3*44) +

&X5';"(TSTAR2 (I.J.K)**4 - TAMB5**4) + Y'I*QDOT(1,J.K)

ELSE IF(((K.GT.1) .AN\D. (K.LT.P)) .AN\D. (I.EQ.M)) THEN
D(K) = TSTAR2(I.J.K) + U3:(TSTAR2(J1K) - TSTAR2(I,J,K)) +

& U5 TT~(-.,)- TSTARI(l,JK)) +

& \V22(TANMB2 - TSTAR2(I,J,K)) + N5*(TAMB5 - TSTAR2(IJ,K))
& + WV2 + W5S + X2:-(TSTAR2(1,J.K)**4 - TAMB24 *4) +

& X;*'TSTAR(.JKY *4 - TAN115"A) + Y''*QDOT(I.J.K)

ELSE

D K) = TSTAR2(1.J.K) -US':*(TST'RIJ1K) - TSTAR2-(1.J.K)i

& Ti5 (TSAR'1.J.K) TSTFARI(I.J.Ki))

& V'2("TANIB2 - TST.AR2(I.J.K)) - NV4'(TAM\B4 -TSTAR2(1.J.K))

& -- V5*(TAN!B5;- TSTAR2L...K)n + W2- + W4 + NN5

& X2*jSTAR--d(.J,K'-, 4 -TAMlB2 -K4)

S: X4::(TST\R~fJ..lK: A TANMB4"~:4) +

& 5:(TSTAR2(Il.J.K *:4 -TAMB5 ''.4) + y1 *QDOT(I,J,K)

ENDIF

RETURN

E ND

SUBROUTINE TRIDAG IS A SUBROUTINE FOR SOLVING A SYSTEM
*OF LINEAR SIMULTANEOUS EQUATIONS HAVING A TRIDIAGONAL

COE FFICI ENT MATRIX. THlE EQUATIONS .,RE NUMBERED IF THROUGH



*L, AND THEIR SUBDIAGONAL, DIAGONAL, AND SUPER DIAGONAL

'~COEFFICIENTS ARE STORED IN THE ARRAYS A, B. AND C. THE
*COMPUTED SOLUTION VECTOR TEMP(IF) ... TEMP(L) IS STORED

~'IN THE ARRA-Y TEMP.

SUBROUTINE TRIDAG

DIMENSION A( 30). B( 30), Q( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30). GAMMA( 30), QDOT( 30, 30, 30)
DIMENSION T( 30. 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30. 30. 30)

REA-*L TINIT. TSTAR1. TSTAR2, T, TEMP

REAL CP, KI. RIIO. R. RI. R2. TIME. DELT

REAL LX, LY. LZ. DELX. DELY. DELZ

REAL A. B. C, D. BETA. GAMIMA

REAL FLUX]. rLUX2. FLUXS. FLUX4. FLUNS5, FLUX6

REAL TAM.\, TAMB2. TANIBS1. TAM B4. TAMBS, TAM\B6

REAL 111. 1-12. I1. 114. 115. 116

REAL B3IO1. B102. B1O3. B10-4. B31OS. B106

R.EAL SIGI. SIG2. S1G3. SIG1. SIG5. 51G6

REA\L UI. U2. U31. U4, U5

REAL VI. V2. V3. V4. V5. V6

REAL WI. WV2. W.3. WV4. WV5, W6

REA\L X. L 2. X1. X-:. X5. X6

REAL EPSI. EPS2. EPS3. [PS4. EPS5, EPS6

REAL QDOT. GEN. YI

REAL CTIME, TIMEO. TIM El

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI. SOLAR2, SOLAR3, SOLAR4, SOLAR5, SOLAR6

REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTH5, EARTH6

REAL ALBED1. ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

REAL ABS I. ABS2. ABS3, ABS4, ABS5, ABS6
REAL SACI, SAC2. SAC3, SAC4, SACS, SAC6

REAL SUN. ECLIPS, QI. Q2. Q3. PERIOD. PI
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REAL Pl. P2, P3. P4, P5. P6

INTEGER I. J. K, M, N. P, IF, L, IFPI. LAST, G, Q

INTEGER COUNT, FREQ. ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, KI, RHO, R, RI, R2, TIME, DELT

COMMON LX, LY, LZ. DELX, DELY, DELZ

COMMON I, J, K, I, N, P, IF, L, IFP1, LAST

COMMON A, B, C, D. BETA, GAMMA, G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

COMMON TAMBI. TAMB2. TAMB3. TAMB4. TAMB5, TAMB6

COMMON Hi, I-2. H3. 114, HS. H6

COMMON BIOl. BIO2. BIO3, BIO4, BIO5, B106

COMMON SIGI. SIG2, SIG3. SIG4. SIG5. SIG6

COMMON UI. U2. U3. U4. US

COMMON VI. V2. VS. V4. V5. V6

COMMON WI, W2. W3. W4. W5, W6

COMMON XI. X2, X3. X4. X5. X6

COMMON COUNT. FREQ

COMMON EPSI. EPS2. EPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEN. Yl

COMMON TIMEO. TIMEI

COMMON SOLAR. EARTH. RE, DIST. ALT. FE, FA, MU

COMMON SOLARI. SOLAR2. SOLAR3. SOLAR4. SOLAR5, SOLAR6

COM, ION EARTH I, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6

COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI, 3AC2, SAC3, SAC4, SACS. SAC6

COMMON SUN, ECLIPS, QI, Q2, Q3, PERIOD, P1

COMMON Pl. P2, P3, P4, PS, P6

* COMPUTE INTERMEDIATE ARRAYS BETA AND GAMMA
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BETA(IF) = B(IF)

GAMMA(IF) = D(IF) BETA(IF)

IFPI = IF + 1

DO 400 Q= IFPI, L

BETA(Q) = B(Q) - A(Q)*C(Q-I)iBETA(Q-I)

GAMMA(Q) = (D(Q) - A(Q)*GAMMA(Q-I) )'BETA(Q)

400 CONTINUE

* COMPLTE FINAL SOLUTION VECTOR TEMP

TEMP(L) = GAMMA(L)

LAST = L - IF

DO 410 G = 1. LAST

Q=L-G

TIEMP(Qi = GAMMA(Q) - C(Q)"TEMP(Q+ I) BETA(Q)

410 CONTINLE

RETURN

END

.. .~~~~~~. ~.. . .. .. ... . . ********

THIS SUBROUTINE WILL BE USED FOR PRINTING THE NODE

TEMPERATURES

SUBROUTINE OUTPUT

DIMENSION A( 30), B( 30), C( 30), D( 30), TEMP( 30)

DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)

DIMENSION T( 30. 30, 30), TSTARI( 30, 30, 30)

DIMENSION TSTAR2( 30. 30, 30)

REAL TINIT. TSTARI. TSTAR2, T, TEMP
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REAL CP, KI. RHO. R. RI, R2. TIME. DELT

REAL LX, LY. LZ, DELX, DELY, DELZ

REAL A, B. C. D. BETA. GAMMA

REAL FLUXI. FLUX2. FLUX3, ' -, FLUX5, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMB5, TAMB6

REAL HI, H2. H3, H4, H5, H6

REAL BIOI, B102, BIO3, B104, BIO5, BIO6

REAL SIGI, SIG2. SIG3, SIG4, SIGS, SIG6

REAL Ul, U2, U3, U4. U5

REAL VI, V2, V3, V4. N75, V6

REAL WI, W2. W3, W4, W5, WV6

RFAL X!. N2 X3. V. VS, X6

REAL EPSI, EPS2. EPS3, EPS4. EPS5. EPS6

REAL QDOT. GEN, Y1

REAL CTINIE. TIMEO. TIMEI

REAL SOLAR, EARTH. ALBCO, RE, DIST, ALT, FE, FA. MU

REAL SOLAR1. SOLAR2. SOLAR3. SOLAR4, SOLAR5. SOLAR6

REAL EARTIIl. EARTH2, EARTH3. EARTH4, EARTHS. EARTH6

REAL ALBEDI. ALBED2. ALBEDS. ALBED4, ALBED5, ALBED6

REAL ABSI, ABS2, ABS3. ABS4, ABS5. ABS6

REAL SACI. SAC2, SAC3. SAC4, SAC5, SAC6

REAL SUN. ECLIPS. QI. Q2, Q3. PERIOD, PI

REAL P1. P2. P3. P4. P5. P6

IN]EGER I. J. K. M. N. P. IF, L, IFPI, LAST, G. Q

INTEGER COUNT, FREQ. ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, KI, RHO, R, RI, R2, TIME, DELT

COMMON LX, LY, LZ, DELX, DELY, DELZ

COMMON I, J, K, M, N, P, IF, L, IFPI, LAST

COMMON A, B, C, D. BETA, GAMMA, G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUX5, FLUX6

COMMON TAMBI, TAMB2. TAMB3, TAMB4. TAMB5, TAMB6
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COMMON HI, H2. H3. H4. H5. H6

COMMON BIOl. B102, BIO3, BIO4, BIOS, B106

COMMON SIGI, SIG2, SIG3. SIG4, SIGS, SIG6

COMMON Ul, U2. U3, U4. U5

COMMON VI, V2, V3, V4, V5, V6

COMMON WI, WV2, W33, WV4, WS, W6

COMMON Xl, X2, X3, X4, X5, X6

COMMON COUNT. FREQ. ANSI, ANS2, ANS3

COMMON EPSI, EPS2, EPS3, EPS4, EPS5, EPS6

COMMON QDOT, GEN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR. EARTH, RE. DIST. ALT, FE, FA, MU

COMMON SOLARI, SOLAR2. SOLAR3, SOLAR4, SOLARS, SOLAR6

COMMON EARTH 1. EARTH2, EARTH3, EARTH4, EARTHS. EARTH6

COMMON ALBEDI. ALBED2, ALBED3., ALBED4. ALBEDS, ALBED6

COMMON ABSI. ABS2. ABS3. ABS4. ABS5, ABS6

COMMON SAC1. SAC2. SAC3. SAC4, SACS, SAC6

COIMON SUN. ECLIPS, QI. Q2. Q3. PERIOD, PI

COMMON P1. P2. P3. P4. PS. P6

THE USER CAN PRINT OUT THE TEMPERATURES AT SELECTED

* NODES. IF OTHER NODES ARE DESIRED, THEN THE USER MAY

CHANGE TIlE 'WRITE' AND 'PRINT' STATEMENTS TO THE

" DESIRED NODES.

IF(TIME .NE. DELT) GO TO 500

PRINT*

WRITE(I,*)' TIME(SEC) ( 6, 1,11) ( 6, 6, ) (1, 6, 6)'

W RITE(I,*) - - ----------.. ...... .......-------

500 WRITE (1,501) TIME, T( 6, 1. 11), T( 6, 6, 6), T( 1, 6,6)

501 FORMAT(I X.F8.0,4X,FS.3,4X,F8.3.4X,F8.3)
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THE USER CAN ALSO HAVE ALL NODE TEMPERATU'RES PRINTED
*OUT. IF A PRINTOUT OF ALL PLANES AND OR ALL NODES IS

NOT REQUIRED! THEN THE DO LOOPS MAY BE CHANGED TO

'ACCOMODATE THE USER'S NEEDS.

WRITE(6,*) 'DO YOU WANT K-PLANE PRINTOUT? (FOR YES, ENTER'

NVRITE(6,-) 'ANSi AS 1; FOR NO ENTER ANSI AS 0.)'

READ(6,*) ANSI

I F(ANS1 .NE. 1) GO TO 699

WVRITE(-d.600) 'TIME(SEC) =',TIME

600 FOR.N/AT(A12.F12.3)

DO 60i K= L.P

NNRITE(2,*) 'TEM)vPERA-TURE DISTRIBUTION ON PLANE:'

WNRITE(2.610, 'K = .

\X'RITE(2. I' * * '* ,:* * *'''":"'''

610 FORMNAT(IX.A3.I2)

WR ITE(2.620) ((T(I.J. K), J = 1.N). I .M\)

620 FORM\AT( lX.F6.1.1X.F6.1IlX.F6.1,1X.F6.1IX,F6.1.1X.F6.1,IX,F6.1,

&IX.F6.1.IX.F6.I.IX.F6.1.lX.F6.1I)

605 CONTINUE

699 WRITE(6,*) 'DO YOU WANT i-PLANE PRINTOUT? (FOR YES, ENTER'

WRITE(6,*) 'ANS.- AS 1; FOR NO ENTER ANS2 AS 0.)'

READ(6,*) ANS2

IF(ANS2.NE. 1) GO TO 799

WRITE(3,700) 'TIM E(SEC) = ',IME

700 FORMAT(A12.F712.3)
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Do 7()i J= 1.N

NVRITE(3,*) 'TEMN~PERATURE DISTRIBUTION ON PLANE:'

WRITE(3.7101'J ='j

710 FORMAT(lX,A3,12)

WNRITE(3,72 0) ((T(I.J,K). I = ,M), K=P,l,-I)

720 FORMNAT(IX,F6.1,IX.F6.1,1X.F6. I X,F6.1,lX,F6.1,1X,F6.l1X,F6. 1,

& IX.F6.I,IX,F6.I,IXF6.I,IX,F6.I)

705 CONTINU.E

799 N\RITE(6.*) 'DO YOU WANT I-PLANE PRINTOUT? (FOR YES. ENTER'

NVRITE(6.*: 'ANS3 AS 1: FOR NO ENTER ANS3 AS 0.)'

RLAD(O."' ANS3

IF(ANS3 .NE. 1) GO TO0 S99

WRTTE(4,SOQ 'TIME(SEC) = '.TlIE

SO() FORNIAT(AI2.1 12.3)

DO 805 I = 1.NM

\\'RIT-E(4,::) 'TEMIPERA tTURE DISTRIBUTION ON PLANE:'

NVRITE(4.S 10 'I = '.I

S10 FORNIAT(1X,A3,I2)

WRITE(4,820) ((T(I,J,K), J= 1,N), K= P,I,-1)

820 FORMAT(IX,F6.1,1X,F6.1,1X,F6.1,IX,F6.1,1X,F6.1,1X,F6.1,IX,F6.1,

& IX,F6.I,IX,F6.I,IXF6.I,IX,F6.1)

805 CONTINUE

* REINITIALIZING THE COUNTER TO ZERO
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S99 COUNT = 0

RETURN

END

SUBROUTINE VALID

DIMENSION A( 30). B( 30). C( 30), D( 30), TEMP( 30)

DIMENSION BETA( .'3), GAMMA( 30), QDOT(30, 30, 30)

DIMENSION T( 30. 30. 30), TSTARI( 30, 30. 30)

DIMENSION TSTAR2N 30, 30. 30)

REAL TINIT. TSTARI. TSTAR2, T, TEMP

REAL CP, KI. RHO, R. RI. R2. TIME. DELT

REAL LX. LY, LZ, DELX. DELY. DELZ

REAL A. B. C. D. 3ETA. GAMMA

REAL FLUX1. FLUX2. FLUX3. FLUX.I, FLUX5. FLUX6

REAL TAMBI. TAMB2. TAMB3. TAMB4, TAMBS. TAMB6

REAL I1, H2. 1-3. 114. 115. 116

REAL BIOl. B102. B103. B104. BIOS, B106

REAL SIGI. SIG2. SIG3. SIG4. SIGS. SIG6

REAL Ul. U2. U3. U4, U5

REAL V1. V2. V3. V4. VS. V6

REAL WI, W2, W3, \V4. W\5, W6

REAL XI, X2, X3, X4, X5, X6

REAL EPSI, EPS2, EPS3, EPS4, EPS5, EPS6

REAL QDOT, GEN, Yl

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU

REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6

REAL EARTHI, EARTI12. EARTH3, EARTH4, EARTHS. EARTH6

REAL ALBEDI, ALBED2, ALBED3. ALBED4. ALBED5, ALBED6
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REAL ABS 1. ABS2. ABS3. ABS4, ABS5. ABS6

REAL SAC I, SAC--. SAC3. SAC4. SAC-;, SAC6

REAL SUN, ECLIPS, QI. Q2, Q3. PERIOD, PI

REAL P1. P2. P3. P4. P5. P6

INTEGER 1, J, K, M, N, P, IF, L, IFPl, LAST, G, Q
INTEGER COUNT, FREQ. ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTAR1, TSTAR2, T, TEMP

COMMON CP, KI, RHO, R, RI, R2, TIME, DELT

COMMON LX, LY, LZ. DELX, DELY, DELZ

COMMON 1. J, K.MN. N. P. IF. L. IFPI. LAST

COMMON A. B. C. D. BETA, GAMMA. G, Q
CO.MMON FLUX I. FLUX2, FLLX3. FLUX4, FLUXS. FLUX6

COMNMON TAMBI, TAMB112. TAMB3. TAMB4. TAM'vB5, TAMB6

COMMFNONiI. 112. HS. H14. H-5. H6

COMMFNON BIOI. B102, BIOS3. B104, BIO5, B106

COMMON SIGI. S1G2. SIG3, S1G4. SIG5. SIG6

COMMNON UI. U2. US. U4. U5

COMM NION Vi, V2. VS. V4. V5, W,

COMMON Wi. W2, W.W4. W-5. W6

COMMON X1, X2. XS, X4. X5. X6

COMMON COUN:T. FREQ. ANSI, A-NS2. ANS3. VAL, NOUT

COMMON [PSI. EPS2. [PS1. [PS-4. EPS5. EPS6

COMMON QDoTr. GEN. YI

COMMON TIM [0, TIME I

COMMON SOLAR. EARTI , RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2. SOLAR3, SOLAR4, SOLAR5, SOLAR6

COMMON EARTH I, EARTH2, EARTH3, EARTH4, EARTH5, EARTH6

COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBED5, ALBED6

COMMON ABSi, ABS2. ABS3, ABS4, ABS5, ABS6

COMMON SACI. SAC2. SAC3. SAC4, SAC5. SAC6

COMMl.\ON SUN, [CLIPS. QI. Q2, Q3. PERIOD, PI
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COMMON PI, P2. P3, P4. P5. P6

* VARIOUS NODES WERE SELECTED TO SAMPLE TEMPERATURE

DIFFERENCES. THE USER CAN CHANGE THE SELECTED NODES
* IF DESIRED. IF THE USER CHANGES THE SELECTED NODES.

* THE NODES SELECTED IN PROGRA \M EXPLICIT AND DISTANCES
* CHOSEN IN PROGRAMI VALID SHOULD BE ADJUSTED ACCORDINGLY.

TDIFBI = T( 1. 6,6) -TINIT

TDIFB2 = T( 6. 6.11) - TINIT

TDIFB3 = T( 6. 1, 6) - TINIT

IF(TIME .NE. DELT) GO TO 920

PRINT*

WRITE(.*)'TIME(SEC) TDIFBI TDIFB2 TDIFB3

- --RITE(5,-) "- . . ... . .

92') WRITE (5.930) TIME. TDIFBI. TDIFB2. TDIFB3

930 FORMA..T(IX.FS.0.3X.FT.3.3X.F7.3,3X.F7.3)

REINITIALIZING THE COUNTER TO ZERO

COUNT = 0

RETU RN

END
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APPENDIX E

PROGRAM VALID

PROGRA.\M VALID

VALIDATION PROGR,-XM

* THE PURPOSE OF Tiils PROGRAM IS TO VALIDATE THE

* TEMPERATURES OBTAINED BY THE EXPLICIT AND BRIAN

* PROGRA-\MS. CONDITIONS USED IN THE VALIDATION PROCESS
* ARE A CONSTANT SURFACE HEAT FLUX ON THE LEFT FACE

* AND ADIABATIC CONDITIONS ON ALL OTHER SURFACES.

* TillS PROGRAM PROVIDES TIE CLOSED-FORM SOLUTION OF

* TRANSIENT HEAT CONDUCTION IN A SEMI-INFINITE SOLID.
* THE CLOSED-FORM SOLUTION FOR CONSTANT SURFACE HEAT

FLUX IS FROM INTRODUCTION TO HEAT TRANSFER" BY

INCROPER-A AND DEWITT. TIIE RATIONAL APPROXIMATION FOR
* THE ERROR FUNCTION IN TIlE CLOSED-FORM SOLUTION IS FROM

* "HANDBOOK OF MATHEMATICAL FUNCTIONS- EDITED BY

* ABRA.MOWITZ AND STEGUN.

REAL AI, A2, A3, A4, AS, B, C, D, P, VI, V, WI, W, PI

REAL TDIFV, FLUX, ALFA, K, RHO, CP, TIME, DELT, Y, DELY, ERRFC

INTEGER COUNT, FREQ
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*THlE USER WILL READ IN PARAVMETERS.

WRITE(: ,") 'ENTER FLUX.'

READ(*,*~)FLUX

WVRITE(*,*) 'ENTER K, THE THERMAL CONDUCTIVITY.'

READ(*,-) K

WRITE( %') 'ENTER RHO, TlE MATERIAL DENSITY.'

READ('-,*) RHO

WRITE(",*) ENTER CP, THE SPECIFIC HEAT.'

READ(*. ) CP

WVRITE(*,* 'ENTER Y. THE DISTANCE IN THE Y DIRECTION.'
READ{W:' )Y

WRIE~j")'ENTER DELY. THE INCREMEN'I'IN THE Y DIRECTION.'

RfE..\DiK DELY

NVRITEi. %* 'ENTrER FREQ. THE NUMBER Or TIME STEPS BE1TWLI:N'

%VRITE.:'S'SCCESSIVE PRINTINGS OF TIME AND TDIFV.'

READ*.* FREQ

CONSTANTS USED THROUGHOUT THE PROGR-AM

NOTE: VALUES FOR Al. A2. A3, A4, A5. AND P ARE FROM

"HA.~NDBOOK or MATHEMATICAL FUNCTIONS".

Al I .5899

A2 = -0.2S44967-16

A3 = 1.421413741

A4 = -1.453152027

A5 = 1.061405429

P =0.3275911

PI 3.141592654

TIME = 0.0

COUNT = 0

CALCULATION OF CONSTANTS USED THROUGHOUT THE PROGRAM~v
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NOTE: EQUATIONS FOR ALFA, B, C. D. AND DELT ARE FROM

"INTRODUCI ION TO HEAT TRANSFER". EQUATIONS FOR

VI AND WI ARE FROM "HANDBOOK OF MATHEMATICAL
* FUNCTIONS".

ALFA = K'(RHO*CP)

B = 2*FLUX K*SQRT(ALFA'PI)

C = FLUX*Y'K

D = Y**2 (4*ALFA)

DELT = 0.125*(DELY**2)ALFA

VI = P*Y (2*SQRT(ALFA))

WI = Y (2'SQRT(ALFA))

* PRINT STATLYIENTS FOR VARIOUS PARAMETERS USED

* IN PROGRI-a, \

PRINT"

PRINT*
\VRITE( .:) ",*****':"-:*':'"*::':"':"''.** *** *********************** *****

WRITE('.': 'FLUX =' FLUX

WRITE(*.*) "0K= '.K

WRITE('') 'RO ='.RHO
NVR ITE( *.2 ':"CP = °,CP
W,\RITE('::*) '\= .

\VRITE(':") DELY= '.DELY

WRITE("::, *) 'DELT= ',DELT
PRITE(*,*) *****************************************************

PRINT*
PRINT*

*

* CALCULATION OF TDIFV

" NOTE: EQUATIONS FOR V. W, AND ERRFC (COMPLEMENTARY
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* ERROR FUNCTION) ARE FROM "HANDBOOK OF

* MATHEMATICAL FUNCTIONS". THE EQUATION FOR TDIFV

IS FROM "'INTRODUCTION TO HEAT TR-A.NSFER".

10 COUNT = COUNT + I
TIME = TIME + DELT

V = 1 (1 + VlSQRT(TIME))

W= WI, SQRT(TIME)

ERRFC = ((A1*V) + (A2*V**2) + (A3*V**3) + (A4*V**4) +

& (AS*V*;*5)) -- EXP(.W*~*2)

TDIFV = B*SQRT(fI ME)*EXP(-D TIME) - C*ERRFC

* PRINTING TIME AND TDIFF

IF{TIME .NE. DELT) GO TO 30

WRITE(':')"TI ME(SEC) TDIFV'

WRITE(*: -) "--------- -----

PRINT 20. TIME. TDIFV

20 FORMAT(IX.FS.3.3X.F6.3)

30 IF(COUNT .NE. FREQ) GO TO 100

PRINT 40. TIME, TDIFV

40 FORMAT( IX.FS.3.3X.F6.3)

INITIALIZING THE COUNTER TO ZERO

50 COUNT = 0.0

* NOTE: THE VALIDATION TIME PERIOD WAS ARBITRARILY TAKEN

* AS 3600 SECONDS (1 HOUR).

100 IF(TIME .LE. 3600) GO TO 10

STOP
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